
���������
	�����������
	���������	������������������ �
�"!#�$���&%(')�*�
�,+.-�����/10 ��������32���	��4��
5 �76(8�8�8:9;�<�/=')�76>8�8�8?9@�A��-����
	�� �
�,��B

C�D(E&FHGIFKJ$LNM&LPOQLPFHRAS>EUTVD(RAWYX�DZM&E&[AD(GIG]\KLN^`_&S>RAa
Tcbedgf
h(iUjlk7dnm�j�o�prq<s�tvunwyxcucz
aNbedgf
h(iUj{k7dnm�j|o�p~}$s�dnk�wIunjliUt�z

� i�o�o���s
h(�(dnmY��h(jlwyo�mQh(�]��h��no�i�h(jgo�int�z
� fQj�o�m
zV��dn� ��o�i��4���A���>���������

�������g U¡�¢:£v¤¦¥� ¨§�©(ªA§�«�«v¬v
®�¯<°�±�²Z³�´�±

µ  U¶� U¥���·¹¸K��º� c»� :º¦��¼�½A c U¥]¾¿¥¦¶�»� U��¼g U¡�¾À¥Z�g c»� U¼g��¾À¥K��º� $ÁAÂv¼�¼�¾¹½�¾À·À¾À�{¸�Â�Ã*¤¦¼�¾¿¥�Ä<Â�»�Äv��¥¦¾¿¶ ÅÆÂv·¹ U¶c¤¦·¹ U¼���¼�ÁAÂv¼�¼�¾¹½�·À 
 U·¹ U¶��g»�Âv¥�¾À¶,¶�ÂvÅ�ÁAÂv¥� U¥Z��¼�¾À¥#¥���¥�Âv¼�¶c��·¹ :¡� cÇ>¾À¶� U¼cÈ�É�¥� ,Â�Ã���º� $Å�Âv¼���¾ÀÅÆÁ
Â�»�����¥���¾À¼�¼�¤� U¼Q�gÂ�½A  ��¡¦¡�»� U¼�¼� U¡K¾À¼Q��º� 
»�Âv·¹ `Â�Ã�Å�Âv·¹ U¶c¤�·¹ �Ê{¼�¤�»�Ã���¶� ¨¾À¥Z�g c»���¶���¾¹Âv¥¦¼UÈ�ËÌ K¤¦¼� `Í¦»�¼g�:Á¦»�¾¿¥¦¶c¾¹Á�·¹ U¼ ¡� U¥¦¼�¾¹�{¸ÎÃI¤�¥¦¶���¾¹Âv¥¦��·
��º� cÂ�»�¸e�gÂ�¶c��·¿¶c¤¦·À���g 
 U·¹ U¶��g»�Âv¥�¾À¶Ï¼��g»�¤¦¶���¤�»� ÎÂ�Ã<��º� Î��º¦¾¹Â�Á*º� U¥�Âv·À���g Ð�ÒÑ¦Ó:Ô�Õ�Ön]Ñ( U·¹ÃHÊ{×�¼�¼g UÅK½�·¹ U¡�Å�Âv¥�Âv·À�n¸� c»Ø�ÒÑ>×�ÙÐ¨Âv¥ÚÓ?¤Q�ÜÛ�Û�Ûn
��¥¦¡�×�¤��ÜÛ�Û�Ûn�¼�¤�½�¼g�g»����g U¼UÈÝËÌ 7Í�¥¦¡r·¿���g c»���·�¡�¾À¼gÁA c»�¼�¾¹Âv¥ÞÂ�Ã#��º� 7ÅÆÂv·¹ U¶c¤¦·À��»Î¼g�����g U¼�¶�ÂvÅ�Á���»���½*·¹ Ø�gÂ���º� 
¶�º���»�Ä� �¾À¥�ßÜ U¶���¾¹Âv¥� U¥¦ c»�Ä�¸����,àØÁAÂv¾À¥Z�cªvá�º�¾À¶�º�¼�¤¦Ä�Ä� U¼g��¼���º¦���,��º� �¶�Âv¥¦¡¦¤�¶�����¥¦¶� �Â�Ã
��º� �Ñ>×�Ù.¾À¼3¼�¾¹Äv¥�¾¹Í�¶c��¥Z��·¹¸
¡¦¾ãâA c»� U¥Z��ÃH»�ÂvÅä��º����ÆÂ�Ã���º¦ å¼�¾À¥�Äv·¹ eÅ�Âv·¹ U¶c¤�·¹ �È�ËÌ æ¶c��·À¶c¤¦·À���g ���º� ��lá$Â|Á�º�Â��gÂv¥ÚÁ�º¦Â��gÂZ UÅÆ¾¿¼�¼�¾¹Âv¥�¼gÁA U¶��g»��
�ç§�è,è$é $��¥¦¡e¶�ÂvÅ�Á���»� c»?á�¾¹��ºÏ��º� `�UÇ���¾À·À��½�·¹ � �ê>Á
 c»�¾ÀÅ� U¥Z����·*¡¦�����>È:É�¤�» »� U¼�¤¦·¹��¼ ��·À·¹ÂNá�¼ »� U¾À¥Z�g c»�Á¦»� c������¾ÀÂv¥ÏÂ�Ã
��º� ��UÇ���¾À·À��½�·À K¡¦�����Î��¥¦¡7¶�Âv¥�����¾À¥�¼�Á¦»� U¡¦¾À¶���¾¹Âv¥ØÃHÂ�»�¥� cá~ U·¹ U¶��g»�Âv¥¦¾À¶]¼g�����g U¼�¡¦¤� K�gÂe��º� KÅ�Âv¥¦Âv·À�U¸� c»`¥�Â���¸� c�
��¶c¶� U¼�¼g U¡æ �ê>Á
 c»�¾ÀÅ� U¥Z����·À·¹¸�È

ë�ì,í�î#ïPð�ñ�ò(ó�ôÜõ�ö

÷



��� �������
	����������	��

�`[AL����AM���S(E&L�S��$_&[AFIE���D���LNM#FHE�_�SåLPG����PFHW�DZ_&L�_�[AL�LPGHL��N_&M&S>R
F ��E�_&M!���n_"�AM�LÏS��$#ØS>GIL%���AGID(M�LNGIL��n_�M�S>RAF �
E�_�DZ_�LNE�DZ_�_cD��c[ALNWÝDZ_Î_&[ALÐRAS>O
GIL�#ØLN_�D(G�E!�AOAE�_�M&DZ_�L�&('�_e_�[AL�#æS>GHL��%�AGIL*)+#ØLN_cDZG?FIR�_�LNM��{D��NL7_�[AL��c[�D(M!,(L
M&LNWAFIE�_�M�FIO��
_&FIS>R|L�-.�AFHGIFHOAM�DZ_&LPE`_�[
L/�c[AL%#æF���D(G0�QS(_�LNR�_�F�DZGIE¨FIR|_g^�SæE�1�E�_&L�#ØE�&��`[AL
2ZL%13-4�AD(R�_�FH_+1V^¨[AF��c[
�PS(R¦_&M&S>GHE:_�[AL��NS>RAW����n_cD(R5�PL��AM&S6�QLPM�_�FHLPE<S��Q_�[AL`FHR¦_&LPM7�{D��PL¨FIE:_&[AL¨M&LNG�DZ_&F�8>L9�QS>E�FH_�FHS>ReS��Q_�[
L�:�LNM!#ØFAGIL;8>LPG
S>R�D3#ØLN_cDZG<D(RAW _&[AL�#ØS>GHL����
G�D(M�E�_cDZ_&LPEeD�8ZD(FHG�D(OAGHL
�ÒS>M�_�[
Læ_�M&D(RAE���S>M�_�&=<gRr_�[AL>��D(E�L7S���_�[ALØE&FHR�,>GIL
#ØS>GIL%���AGHL�DZ_&_�D��c[ALNW|_&Se_�[AL�#ØLN_cDZG�E!�AO
E�_�M&DZ_�L�_&[AL�#æS>GHL��%�AG�D(M�E�_�DZ_�L�[�DZEKDZRV^�LPGHG3WAL%?ARALÆLPRALNM!,�1VDZRAW
_�[
LÐGIF@�ÒLØ_&F #ØLæOAM�S�D(WALNRAFIR5,ÚW��AL7_&S�_�[AL�?�RAFH_&LÐGIF@�ÒLN_&F #ØL�A�^¨[AF �c[;FHE
�PS(R¦_&M&S>GHGILNW@OB1 _&[ALC�PS����AGIFHR�,�_&S
_�[
LeE!�AO
E�_�M&DZ_�L�&�<gRÞ_�[AL
��D(E�LeS��?_�[
LD#æS(RAS>G�D�1(LPMK_&[AL
#ØS>GHL����
G�D(M#S>M&O
FH_cDZGIE9�ÒS>M!# Dæ_g^�SÌWAF #ØLPR
E&FIS(R�D(G
O�D(R
W@E�_&M!���n_"�AM�LÐW��ALØ_�S�_&[AL�?ARAFH_&LæSE8>LNM&GID��@OQLN_g^�LPLPR@_&[AL7S(M&OAF¿_cD(GHE�S(R�WAF@F�LNM&LPR�_ÎS>M&OAF¿_cD(GHE�&�G [
LPR
_�[
LÎE!�AD��PFHR�,7OQLN_g^�LPLNRÞ_�[AL/#æS>GHL��%�AGILNE#FHEKGID(M!,(L�_&[ALÏOAD(RAW�^¨FHW
_�[3,>LN_&E]E!#æD(GHG�D(RAWÞRAL%,>GIF�,>FIO
GIL�DZ_#_�[
L
FIRH?�RAFH_&L�E�L���D(M&DZ_�FHS>R4OQLN_g^�LPLNR _&[AL(#ØS>GIL%���AGHLPE�&I']WAW
FH_�FHS>R�D(G¨E�S6�AM!�NLÚS���_�[
LÞG�DZ_&LPM&D(GKW
FIE!�QLPM�E&FHS>R4FIE
_�[
LæE��AOAE�_&M�DZ_&LC#ØLPWAFIDZ_�LNW E�����LNM&L*J5�c[AD(R�,>L7_+14�QL7FHR¦_&LPM&D��N_&FIS>RK&��`[AL7GIDZ_&_&LPMÆ[�D(EÏD|^�L�D�2ZLPMeW
FIE�_�D(R��NL
WAL%��LNRAWALPR5�PLÎ_&[�D(RV_�[AL�WAFIM�L��n_KSE8(LPM&GID��V^¨[AF �c[�WAL��PDE1�EKL;JH��S(RALPR�_�FID(GIG@17^¨F¿_�[�DØE�L���D(M&DZ_�FHS>RK&L<gR|_&[ALPE�L
E�_!�AWAFHLPEå^�L3��D(G����AGIDZ_�LVG�D�_�LPM&D(G�WAFHE!�QLPM�E&FIS(R S��K_�[AL|_�[AFHS6�A[ALNRAS>GIDZ_�LVDZ_�_cD��c[
LPW _&S _&[ALNMO�QP ÷>÷>÷ER DZRAW
'S�QP ÷>÷>÷ER &TG�L D(F�# _&S D(RAE�^�LNMV_&[AM&LNLÚLPE�E&LPR�_&F�D(G�-.�ALNE�_�FHS>RAE%UVP ÷WR _�S;^¨[�DZ_X#ØS>GIL%���AGID(MØE�_cD�_�LÞ_�[
L
�c[�D(M�,>L�FHRZY�L��n_�FHS>R LNRALPM�,�1ÝFIE>#æFHRAF #æD(G�D(RAW _&[ALPM�L%�ÒS>M�L�_&[AL3#ØS>E�_7E�F ,>RAF@?[��DZR¦_\�ÒS>Må_�[
L3�NS>RAW����n_�FHS>R
�AM�S6��LNM�_&FILPE�_&[AM&S6�5,>[Ú_�[AL\#ØS>RAS>GIDE1(LPM%]^P`_ R [AS�^ GID(M!,>L�FHE�_�[ALåGIDZ_�LNM�D(G$WAFIE���LNM&E&FHS>Ra�PS6#>��D(M�LPW _�SÌ_�[
L
�c[�D(M�,>L�FIRWY�L��N_&FIS>R�LPRALNM!,�1ÞDZ_�bc��S>FHR�_]^¨[AF��c[d�NS>M&M�LPE���S>R
WAE�_�SVDÐE�FIR�,>GHL
#ØS>GIL%���AGHLÎD�_&_cD��c[�#æLNR�_�]eP`f R
^¨[�DZ_Æ_&[ALåM&LPGIDZ_�F@8>L\�PS(R¦_&M&FHO��
_�FHS>RÚS���_�[ALåWAFHM&L��n_�SW8(LPM�G�D�� D(RAWrE!�AO
E�_�M&DZ_�L>#ØLPWAFIDZ_�LNWrFHR�_�LPM&D��N_&FIS>RÚ_&S
_�[
LKWAFHE!�QLPM�E&FIS(RK&g:�M&S6# _�[AL#L;JH�QLPM&F�#æLNR�_cD(G�LPR
Wæ_�[
L#_&[AFIS>GIDZ_�L`S(RCMO�0P ÷>÷>÷WR E�1�E�_�L�# [�D(E�OQLPLPRæE�_!�AWAFILNW
�AE�FIR�,�_g^�S(�A[ASZ_�S>Rh�A[
S(_�S�L�#ØE&F¿_�FIS(RiP`_(J<JLj R _&L��c[AR
F -.�ALPElk ÷�m &N�`[ALXn�[.�Ko E�,>M�S6���@M�L��QS>M�_&EeD�^�S>M!2
�p�AR��n_�FHS>R E&[AF@�ç_C�ÒM&S�# q�&sr@LNCt�ÒS>M7_�[
L(�PGILPD(RuMO� E!�AM7�{D��PLÞ_&Scf5&wv�LNC=^¨FH_&[4_�[AL DZWAE&S>M�O�LNWIxH'�Xy&
']W
WAFH_&FIS>R�DZGIG�1�A>_g^�SåE�_cDZ_&LPE�^�LPM�L�M�LPE�S>G�8(LPWKAAS(RAL�DZ_^f5&wfeLnC�D(RAWÐ_&[AL�S(_&[ALPM�DZ_�z5&{qeLNC M&LPGIDZ_�F@8>L#_�Se_�[
L
:�LPM�#æF�GHL%8(LPG|&

����� }�~9���X	���	����S�
�L������9����	��

G L��AE&Le_&[AL�,>LPR
LPM�DZGg��S(_&LPR�_�FID(G GHFIRALPD(M&F��PLNWÚD���,6#ØLPR�_&LPWa�AG�DZRALÎ^�DE8(LNP�::J$)��Q'�J�G R #ØLN_&[AS�W�ks_ m
^¨FH_&[�GIS4��D(G�S>M�OAFH_�D(G
L*J*_&LPRAE�FIS>R
ESk�f m FIRe_�[
L^GV<�j�\S_�2eF�#��AGHL�#ØLPR�_cD�_�FIS(RCk�q m &$�`[AL��0��'4J$LPM�WALN^�G@D(R5,
k{� m L*JH�c[�D(R�,>L*)+�NS>M&M�LPG�D�_�FIS(RN��SZ_�LPR�_&F�D(G3^�D(E��AE&LNWK&SG LPGHG��NS>RB8>LPM�,>LPW O�DZE&FIEKE&Ln_�E�^�LPM&LÎL�#>�AGISE1>LNWÞ^¨FH_&[

_



D(q�&wv���1 �AG�D(R
L7^�D�8(L3�%�
_åS�F�& : F@8>LÌE!�QL��NF�D(Ge26)+�QS>FIR�_�Ee^�LPM�LX�AE&LNWÝ_&SÚE�D�#>�AGILæ_g^�SrWAF #ØLPR
E&FIS(R�D(G
��M�FIGIGHS6�AFHR3�NS>RAL�&
�`[AL�_�[AFHS6�A[ALNRAS>G�D�_�LeE�LPG���D(E�E&L%#eOAGILåS>R('��0P ÷(÷>÷WR E!�
OAE�_&M�DZ_&LØFHR DÐE&SX��DZGIGILNW�� f��
� f���f
	��æ_g^�S@WAF�#æLNRAE&FHS>R�D(G�E�_�M����N_!�AM&L k{z m & �`[AL�G�DZ_�_�F��PLX�PS>R
E�_cDZR¦_7S��]_&[AL �
RAWALPM�G�1�FIR5, E��AOAE�_&M�DZ_&L
�PS(R¦_&M&S>GHE _�[
L¨D(M&LPD��QLPM$#æS>GHL��%�AGIL�^¨[AF �c[åFIEg_ ÷ &sz�']ag�ÒS>M�'��æDZRAW ÷ z5&sr�']ag�ÒS>M MO� &��`[AL9�ÒM&LNL`E�_cDZRAWAFIR5,
D(M�M�D�1ÚS���_�[AFHS6�A[ALNRAS>GIDZ_�LD�
M&L%�ÒLNM&EÏD(M&LPDÌS��9_ ÷ & ÷ �'KaCk�z m &\G L\�AE&LNW E�G�D(Oa�PD(G �%�AG�DZ_&FIS>R
E]^¨FH_&[ DVE!�5��LNM
�PLNGIG`^¨FH_&[Ý_&[AM&LNLÞDZ_&S6#ØF �ÐGIDE1(LPM�E��PSE8(LPM&LNW OB1ÝDr_�[
FIS6�A[
LPRAS>GIDZ_�Llx5M Ô��KÖ #ØS>RAS>GID�1>LPM��ÒS>MåLNGIL��n_�M�S>RAF �
E�_&M!���n_"�AM�L=��D(G����AGIDZ_�FHS>RAEÏD(RAW;E�F@J@DZ_�S6#ØF �ØG�D�1(LPM&EÏ^¨FH_�[@_g^�SÚE&FHWALPE��NSE8>LPM�LPWc�ÒS>MÏ_&[AL7^�S>M!2d�p�AR��n_�FIS(R
��DZG ���
G�DZ_&FIS>RAE%&��`[AL�,>LPS�#æLn_�M�1�S��<_�[AL�#ØS>GHL����
G�D(M]D(M&M&DE1�[�D(E�OQLPLNRd�p�
GIG�1|M�LPG�DWJ
LNW S>R D(Ra�ARAM�LPG�DWJ
LNW
E!�
OAE�_&M�DZ_&LÏ^¨FH_&[ #ØLN_�D(G,DZ_�S6#ØE¨FIR�FIWALPD(GQ�PM71*E�_cD(G���S(E&FH_&FIS>R
E�&^�`[AL/#æS(RAS>G�D�1(LPM¨S>RN'���E!�
OAE�_&M�DZ_&LÏ^�D(E
�ÒS6�AR
WÐ_�FIG¿_�LNWÐOB1 ÷�� �`FIRVD�,>M�LPL%#æLNR¦_�^¨FH_�[7L;JH��LNM&F�#æLNR¦_/k{v m &g�`[AL�LNRALPM�,�1�8(LPM&E��AE`_�FHGH_�D(R�,>GHL�FIE�E&[AS�^¨R
S>Rd: F�,�& ÷ &
�`[AL�LNRALPM�,�1ÚWAF@F�LNM&LPR5�PLåO�Ln_g^�LNLPRr_�[AL�,>GHS>O�D(G�#æFHRAF #
��# D(RAWrDÌGIS4��D(G #ØFIRAF�#D��# ^¨FH_&[
D�#æS(RAS>G�D�1(LPMO8(LPM�_&F �PD(G�_�S�_�[
L�E!�AM7�{D��PL�FIE^�NS6#>��D(M�DZOAGIL]_&S�_�[ALÆM&S�S6# _�L%#��QLPM&DZ_"�AM�L�A�E����c[|_&[�DZ_¨GID(M!,>L
� ���n_"��D�_�FIS(RAE<FIR�_�[AL98ZD(G��AL`S��Q_�[AL#D(R�,(GIL¨D(M�L`L;JH��L%�N_&LPWÌDZ_<M�S*S�# _�L%#��QLPM&DZ_"�
M&L�&$�`[ALKO
M&FIW5,>L`OAFIR
WAFIR�,
E&F¿_�L=�ÒS>MåE!�
G��p�AM�^�D(E>�ÒS��ARAWÝFIRÝD�,>M�LPL�#ØLPR�_Ø^¨FH_&[ M�LPE!�
GH_�EåS>O*_cD(FHRALPWÝOB1 x*LPGHGIS>RAFO,>M&S6�5� k ��m �ÒS>M�_�[
L
D(G�2ZDZRALN_&[AFIS>GHE�&\<gR _&[AL>��D(E�LæS��9MO��E��AOAE�_&M�DZ_&Læ^�L>?ARAW �NLPM&S|_�FHGH_ÆD(R5,>GIL��ÒS>M�_�[
L�#ØS>RAS>GID�1>LPMÆW��
LØ_&S
_�[
LC�PGHS>E&LÐE���D��NFIR�,(�NS>R�_�M&S(GIGILNW@OB1�_&[ALÌG�DZ_�_�F��PL>�PS>RAE�_cD(R�_åS��¨_&[ALÐE!�
OAE�_&M�DZ_&L�&d<gR DZWAWAFH_&FIS>Rr^�LC?ARAW
D(RrD(OAE�S>G �*_�L�#ØFIRAF�#D��# ^¨[ALPRr_�[ALåE��AG��p�AM�O
FIRAWAE�_&SÌ_�[ALå[AS>GHS�) ÷ E&FH_&L3PÒ^¨[ALNM&LåE!�AG@�p�AM�[�D(E��ÒS6�
M�?�M&E�_
RALNF ,>[¦OQS>M/MO�@DZ_&S6#æE R &���FIRAW
FIR�,VLPR
LPM!,�1d�ÒS(MÆ_&[ALØ[AS>GISZ)7_ÐE&F¿_�L3PÒ^¨[ALNM&LCxr[�D(E�_&[AM&LNL�?�M�E�_ÏRALPF�,>[¦O�S>M
MO�ÚDZ_&S6#ØE R FIE]S(RAG�1 ÷ 	>#æLnC.[
F ,>[ALNM]FHR�LPR
LPM!,�16A�^¨[
LPM&LPD(E�OAM�FIW�,(LÎE&F¿_�L�FIE#[AF ,([ALPMKFIR�LNRALPM�,�1|OB1 ÷ v�	
#ØLNCD&

���%��� ���
�����[������S����/~ �
~�����[���

G [ALNRYDh#ØS>RAS>GID�1>LPM7S��Ï_&[AFIS(G�DZ_&L�E&LNG��ÏD(E�E&L�#ÎOAGILNE|S(R)R
S>OAGIL(#ØLN_�D(G]E��AOAE�_�M�D�_�LÚ_�[ALa#ØS>GIL%���AGID(M
GIL;8>LNGIEåD��%-4�
FIM&LVGIDZ_�LNM�D(G�WAFIE���LNM&E&FHS>R W��ALÌ_�SÚ_&[ALVWAFIM�L��N_åSE8(LPM&GID��ÝO�Ln_g^�LNLPR _&[ALX#æS(GIL��%�AGILNE�D(RAW _�[
L
E!�
OAE�_&M�DZ_&L3#ØLPWAFIDZ_�LNW FHR�_�LPM&D��N_&FIS>R &��`[
L�WAFHM&L%�N_ØSE8>LPM�G�D��c�{D(GHGIE�S�F �{D(E�_�LNMå^¨F¿_�[ÝWAFIE�_cD(R5�PLVO�Ln_g^�LNLPR
_�[
LÐRALPF�,>[¦O�S(M&FIR5,3#ØS>GIL%���AGHLPE�_�[�D(R _�[ALÐE��AOAE�_�M�D�_�LC#ØLPWAFIDZ_�LNW@FIR�_&LPM�D��N_�FHS>RAE%&3<gR@_&[AFIE�^�S>M�2r^�LC�AE�L
��:$� _&S7E�_"�AW51|_�[
LÎM&LNG�DZ_&F�8(LÏF�#��QS>M�_�D(R��NL�S��?_�[AL�_g^�SÐE�S6�AM��PLPE�D(RAW�_&[ALÎSE8>LNM�D(GHG0#7D�,(RAFH_!�AWAL�S��:_�[
L
#ØS>GIL%���AGID(M�GIL;8>LNG,OAD(RAW
^¨FHW
_�[AE%&^�`[ALÏLPGIL%�N_&M&S>RAF��ÆE�_�M����N_!�AM&LÏD(GHS>R�,�_�[AL�[AF�,>[�E714#�#ØLN_&M�1ÌWAFHM&L%�N_�FHS>R|S��
_�[
LS_E)�����M&FHGIGIS��AFIR/�PS>RAL¨FHE�E�[AS�^¨R7S>R�: F�,�&^P`_ R �ÒS>M?_�[
L¨_&[AFIS��A[ALPR
S>G�DZ_&L�xH'�X S>R�MO�0P ÷>÷>÷WR &�<gRæS(M&WALNM
_�S�WAFHE�_�FHR�,6�AFHE&[e^¨[AF��c[7O�DZRAWAE�D(M&L¨S>M�F ,>FHR�DZ_�LNW�W��AL¨_�SÆ_�[AL�xH'�X D(R
WØ^¨[AF��c[7DZM&L¨W��AL¨_�SÆ_�[AL�#ØLN_�D(GIGHF �
E!�
OAE�_&M�DZ_&L7^�L���D(G����AGIDZ_�L>�AM&SWY�L��N_&LPW;WALNRAE&F¿_+1�S��`E�_�DZ_�LNEeS��¨L�D��c[;O�D(RAW@FHRAE&FHWALå_�[ALæE!�A[ALNM&LNEåD(M&S6�
RAW

f



0 5 10 15 20 25

Tilt angle
0

0

10

20

30

40

50

E
ne

rg
y 

(m
eV

/S
C

6H
5) SC

6
H

5
/Au(111)

����� È¨Û�¢�é$¥� c»�Ä�¸rÇ� c»�¼�¤¦¼Î��¾À·¹�e��¥�Äv·¹ ÐÂ�Ã�Ñ�Ó:Ô�Õ�Öæ��º¦¾¹Â�Á�º¦ U¥�Âv·À���g ÐÂv¥;×�¤@¼�¤¦½�¼g�g»����g �È���º� Ì¡�Â���¼���»� Ð��º� 
¶c��·À¶c¤¦·¿����¾¹Âv¥¦¼,��¥�¡���º� �¼gÂv·À¾À¡Ï·À¾À¥� <¾¿¼$�#Á���»���½AÂv·À�¨Í��,á�¾¹��ºÏÅÆ¾À¥¦¾¿ÅK¤¦Å ��¥¦Äv·¹ �����Û�� � ��¥�¡Æ��º� �¼gÁ¦»�¾¿¥�Ä¨¶�Âv¥¦¼g����¥Z�
«>È
	�Å� ���P¡� cÄ a È

L�D��c[ D�_�S6# S>RrDC#æS(GIL��%�AGIL�&�<gRrD(WAWAF¿_�FIS(R�_�[
L�O�D(RAW E�_&M!���n_"�AM�L�S��<_�[AL��NGILPD(RdMO�0P ÷(÷>÷WR _&[AM&LNL�G�D�1>LNM
E&GID(OÐFHE�E&[AS�^¨RVS>R=:$F ,�&�P`_ R A*E&SÎ_&[AL�RALn^YOAD(RAWAE`W��
L]_�Se_&[AL�xH'�Xt��D(RÌLPD(E&FHG�1ØO�L]FIWALNR¦_&F�?�LNWK&g�`[AS>E�L
#ØS>GIL%���AGID(M3O�D(RAW
E$��DZRÎOQLe�c[�DZM�D��n_�LPM�F �NLPWeOB1Æ_�[AL�LPRALNM!,>FHLPE$DZ_$bK) ��S(FIR�_OP���� P 	�� 	�� 	 R�R AvL%F�L��n_�F@8>LO#æD(E�E
F��,_�[
L �AD(M�D(OQS>GID/?A_#FIRÌ_�[
L�8�F��PFIR
FH_+1ÐS���bd��S>FHR�_`_�Så_�[ALÆO�D(R
W�WAFHE!�QLPM�E&FIS(R�DZGIS>R�,e_&[AL b )�X WAFIM�L��n_�FIS(R
FIE9�QS>E�E&FIO
GIL�A
D(RAWÌ_�[
L�OAD(RAW
^¨FHW
_�[X#ØL�D(E��AM&LNW�D(E�_&[ALÆLPRALNM!,�1ÐWAF�F�LPM�LPR��NL�OQLN_g^�LPLNR�_&[AL�X DZRAWÌ_�[AL�b
�QS>FIR�_�A�DZRAWr_&[ALåO�D(RAWd�c[�D(M&D��N_&LPM%&��`[AS(E&LæD(M&L\,>F@8>LPRrFIRÚ_�D(OAGIL�<�&\�`[AL>�PGHS>E&LNE�_Æ_�SV_�[
L�:�LNM!#ØF:GIL;8>LPG
D(M�Lå_&[ALå_g^�S ��� X � o ECP � T DZRAW � a R S���x�P`f�� R �c[�D(M�D��N_�LNM�&��`[AL � T�� a OAD(RAWAE�[�D�8>LæDX8(LPM71 E�#7DZGIG
WAFHE!�QLPM&E�FIS>RyPÒS��?D(OQS6�
_ 	H& _W) 	5&sfåLnC R D(RAWV_�[
L �AD(M�D(OQS>GID
?A_#M&LPE��AGH_&E¨FIRÌ_�[AL�G�DZM!,>L�L;F�L%�N_&F�8>L #æD(E&E�LPE#S��
)7_4& 	�����&9�`[AL�_�[AFHM&W�SH�%�����AFHLPW�E�_cD�_�L=P`x�x���� �#DZ_�) 	5&srØLnC R DZRAW�_&[ALÎE�L��PS(RAWN�ARAS4���%���AFHLPWÞE�_cDZ_&L=P|x5x T
DZ_ ÷ &wveLNC R DZM&L�_�[ALÆE��AM��{D��NLÆE�_cD�_�LPE#S��,_�[AL��NSW8(LPM�LPWaxH'�X"!6MO�0P ÷>÷>÷WR &g<gRV_�[AL��NGIL�DZR MO�QP ÷>÷>÷ER _&[AS>E�L
E�_�DZ_�LNE:[�D�8>L`LNRALPM�,>FILNE 	5& 	]LNC D(RAW/) ÷ &wzKLNC M�LPE!�QL��n_�F@8>LPG@1eDZRAW�[�D�8>L`E�F #ØFIG�DZM#�ÏWAFIE���LNM&E�FIS>R�:$F ,�&OP ÷ AZO R &
��FIE��PM�L���D(R5�%1Î^¨F¿_�[e_&[AL�L;JH�QLPM�F #ØLPR�_cD(G48ZD(G �AL�S���_�[ALe) 	5&{q�LNC E��AM��{D��NL`E�_�DZ_�L`LNRALPM�,�1�DZ_gbl�QS>FIR�_ FIE:W��
L
_�S�_&[AL�?�RAF¿_�L�E&F��PLÆL%F�L��n_#S��,S6�AM�_�[
M&LPLÆGIDE1(LPM¨E&GID(O=,>LNS6#æLn_�M71ak�r m & �`[ALÆGID(M!,>LNE�_`GIDZ_�LNM�D(G�WAFIE���LNM&E�FIS>RVFIE
W��AL�_&S�_�[AL`OAD(RAWAE?S>M�F ,>FHR�DZ_&LPW
�ÒM�S6# _&[AL`E&FHWAL^�A[
LPRB1�G[��D(M�O�S>R
E�P �%$ D(R
W\� T R E&L��AD(M�DZ_&LPWåOB1>_H&sz ÷ �'KS>R
RALNF ,>[¦OQS>M&FHR�,C#ØS>GIL%���AGHLPE�& � _�[ALNM�#æS(GIL��%�AG�DZM]O�D(R
WAE>P �%& AQ� a DZRAWd� & R D(M&L�#æD(FIR
G�1|W��ALe_&SÐ_�[AL�_�S��
D(RAW|RAL*J*_¨_&SØE��AG��p�
M9��D(M�O�S>R
E¨^¨[
F �c[X�ÒS>M!# _&M&FID(R�,6�AGID(M�GIDZ_&_&F �NL�FIR�')(C�AGID(RAL�^¨F¿_�[VE&FHWAL�q�&sqB_ �'/&��`[AFHE
L;JH�AGID(FIR
E�^¨[.1rGIDZ_�LNM�D(G$WAFIE���LNM&E&FHS>RrS���_&[AS>E�LØOAD(RAWAE�FIE�RASZ_ÏE�F ,>R
F�?[�PD(R�_��PS6#>��D(M�LPW _�SVE&FHWAL\��D(M�O�S>R
E
O�D(R
WAE�&��`[AL�O�DZRAWÎOQLN_g^�LPLNRe_�[AL<_g^�SS�+*�X � o E�� T D(R
W
� a FHE,_&[ALL�ARAS4�����5�AFILNWÎE!�
M��{D��NL�E�_cDZ_&L^x�x T & � �
�PS��AM&E�L]_�[ALNM&L�DZM&LS#ØS>M�LKLNGIL��n_�M�S>RAF �KE�_�DZ_�LNE�FIRæ_�[ALKO�D(RAWÌE�_�M!�5�N_"�
M&L�W��
LK_�SÏ_�[AL�x4'�XyA�O��
_�_&[AS>E�L�D(M�L

q



 Γ M K  Γ
wavevector

-4

-2

0

2

4

6

8

10

E
ne

rg
y 

(e
V

)

 Γ M K  Γ
wavevector

-4

-2

0

2

4

6

8

10

SC

W
exp

=3.7 eV

E
vac

E
Fermi

C

C

C

C

C

(a) (b)

����� È�§(¢�������:��¥¦¡�¼g�g»�¤¦¶���¤�»� Æ»� U¼�¤¦·À��¼`ÃHÂ�»]��º� ÎÑ�Ó:Ô�Õ�ÖÏÑ�×�Ù Âv¥Þ¬å·À�n¸� c»�¼¨Â�Ã�Ó:¤��ÜÛ�Û�Ûn�È��<º� �¼�¾��c �Â�Ã:��º� 
¶�Âv·¹Â�»� U¡Ø¶c¾¹»�¶c·¹ U¼:¾À¼:Á¦»�Â�Á
Â�»���¾¹Âv¥¦��·*�gÂÆ��º� �Á¦»�ÂPßg U¶��g U¡å¡� U¥¦¼�¾¹�{¸ÏÂ�Ã�¼g�����g U¼<Â�Ã� U��¶�ºå½A U¥¦¡ÎÂv¥���Äv¾¹Ç� U¥å���gÂvÅ Â�Ã��
Å�Âv·¹ U¶c¤�·¹ Î��¼�¤�·¹ÃI¤¦»�ÑZÊÒ½�·À¤¦ �ª*¥� �ê>��¶c��»�½
Âv¥ÌÓ T ÊÒÄ�»� c U¥�ªAÁ�º¦ U¥�¸>·�»�¾¿¥�Ä�¶c��»�½AÂv¥¦¼`Ó a � & � Ö � Ô�Ê{·À¾¹ÄvºZ��½�·¿¤� �ª��gÂ�ÁÌ¶c��»�½AÂv¥
Ó:Ô�ÊÒ»� U¡*�È#�I½A�� ��¥�¡æ¼g�g»�¤¦¶���¤�»� KÂ�Ã3��º� ]¬�·À�U¸� c»�¼�·À��½æÂ�Ã$Ó:¤Q�ÜÛ�Û�Ûn�È � »�ÂvÅ.¶�ÂvÅÆÁ���»�¾À¼gÂv¥Ø��º�»� c ]Õ�É`ÙÐÉ ½���¥¦¡¦¼
��¥¦¡Ø¬�����Ù7É
	 ¼�¶c��¥å½A `¾À¡� U¥Z��¾¹Í¦ U¡�¡¦¤� `�gÂ���º� KÑ>×�Ù ���g����¶�º¦Å� U¥Z�cÈ

[AF�,>[ÐLPR
LPM!,�17E�_cDZ_&LPE�PÒM&LPGIDZ_�F@8>L#_�S�:�LPM�#æFQGIL;8>LNG R DZRAWÐRAS(_�F #>��S>M�_cD(R�_ �ÒS>M�_�[AL��NS>RAW��5�N_�FHS>RC�AM�S6�QLPM�_&FILNE
S���_�[
L�#æS>R
S>G�D�1>LNM�&��`[
S>E&LÆE�_�DZ_�LNE¨D(M&LÆDZGIE&SÏ^�LNGIG�WALNGIS4��D(GHF �NLPWÐFHRÐE!��D��PLÆE!���c[V_�[ADZ_`WALNRAE&F¿_+1ÐS��,E�_�DZ_�LNE
�AM�SZY�L��n_�FIS(R�FIRAE�FIWAL�_&[AL^#D���æR�_&FIReE��A[ALPM�LPE<WAS�LPE?RASZ_g,>F�8(L`D��ARAF�-.�AL`FIWALNR�_�F�?���DZ_&FIS>RÏS���_�[AL9#ØS>GIL%���AGID(M
O�D(R
WAE�&�']E#FH_¨^¨FHGIG3OQL/�NGIL�DZMKFHRNx*L%�N_&FIS>R3<ÜC _&[AL
�+*]X � DZ_�zæLNC.[�D(E¨_�[AL�G�DZM!,>LNE�_��PS>R�_�M�FIO��*_�FIS(R|_&S
_�[
L�S(OAE&LNM�8>LNW�_g^�S��A[
S(_�S>RX�A[
S(_�S�L�#ØFIE�E&FIS(RÌFIR�_�LNRAE&F¿_+1ÌFIRVM&LNE&S>RAD(R��PL '�OB1ln�[.�Ko E�,>M�S6��� k ÷%m &

G [ALNRÐ_�[AL]_&[AFIS��A[ALPR
S>G�DZ_&L]FHE�DZ_�_cD��c[ALNWÌ_�SÎ_&[AL�'S�ÌE��AOAE�_�M�D�_�L�_�[
L�O�D(RAW*^¨FIW
_&[AE`S��,D(GHG #ØS>GIL%���AGID(M
O�D(R
WAE
,>Ln_�E�R�D(M�M&S�^"OQL���D��AE&L7_&[ALØRAL;J�_eR
LPF ,([�OQS>M�WAFIE�_cD(R5�PLØO�Ln_g^�LNLPRh#ØS>GIL%���AGHLPEÆFIEÆG�DZM!,>LNM�W5�ALæ_&S
_�[
L7G�DZM!,>LNMÏGIDZ_&_&F �PL\�NS>RAE�_�D(R�_�S��`_&[AL��AR
WALPM�G�1�FIR�,�E!�AO
E�_�M&DZ_�L�&N�`[ALÐLNGIL%�N_�M�S>RAF��æO�DZRAW@WAFHE!�QLPM&E�FIS>R�S��
xH'�X"!�'S�QP ÷>÷>÷ER D(R
W �PGHL�D(R3'S�0P ÷>÷>÷WR E!�
M��{D��NLÎD(M�LÎE�[AS�^¨RÞS>RN:$F ,�&Of5&9' E�F #ØFIGID(M�O�D(R
WÚD(E&E�F ,>R5#æLNR¦_
��DZR�OQL�WAS>RAL�^¨F¿_�[Ì_�[ALÆM�LPE!�
GH_�E�,>F@8>LNR|FHRÌ_cD(OAGHL>P�< R &g']E¨FIRÌ_�[
L �PD(E&LÆS���xH'�X1S>R3MO�V_�[AL��NGIS>E�LPE�_¨_&S
_�[
L\:�LNM!#ØF GHL%8>LNG?D(M�LÎ_g^�SVRALPD(M&G@1ÞWAL%,>LPR
LPM�D�_�L�E!�
G��p�AM � � X � o E�P � T�� a R & �`[AL�E�F ,>RÚS��<_&[AL�L%F�L��n_�F�8(L
#æD(E&EÐS��ÆS>RAL�S�� � T �c[�D(R�,(LPEÌE&F�,>R~_&S ��S(E&FH_&F�8(L38ZD(G �
L�& 'KE7_�[AL�G�DZ_�_�F �NL3�NS>RAE�_cD(R�_ÌFHR��PM�L�D(E�LPEÐ_�[
L

�



WAFHM&L��n_�L*JH�c[�D(R�,>L]M&LPE���S(RAE&FHOAGIL��ÒS>M<_�[AL#RAL�,>DZ_�F@8>LS#æD(E�E�WAL%��D�1�EO�{D(E�_�LPM�_�[�DZRæ_�[
L]E!�
OAE�_&M�DZ_&LS#ØLPWAFIDZ_�LNW
FIR�_&LPM�D��N_�FHS>RKA�^¨[AF �c[�^¨FIRAE#_�[ALÏSW8(LPM&D(GIG ��S(E&FH_&F�8(LÎE&F�,>R�S��?_�[ALÏL%F�L��N_&F�8(LD#7DZE&E�&��`[AL
#ØS>E�_�WAFHE!�QLPM&E�F�8(L
E&FHWAL
�PD(M&OQS>RÞOAD(RAWAE �%$ D(RAWN� T [�D�8>LeE�#7D(GHGILNM#OAD(RAW
^¨FHW
_�[ÞOB1�D>�{D��n_�S>MKS��L_H&w�H&��`[ALeE�FIWAL/��D(M�O�S>R
E
S�� ÷���� _&FIG¿_�LPWdx4'�X S>Ry'���DZM&L�E&L%��D(M�LN_�LNW@OB1ÚE&L%��D(M&DZ_�LNW�OB1af5& ÷ f �']S>RrRALNF ,>[¦OQS>M&FHR�,=#æS(GIL��%�AGILNE�A
^¨[ALNM&L�DZEÆ_&SÐ_�[ALÏ_�S6� D(R
WrR
L;J�_�_�SÌE��AG��p�AMS��D(M�O�S>R
E�D(M&L��H& 	 �']D���D(M�_�&��`[AL�S4���%���AFILNW E!�AM7�{D��PL�E�_cDZ_&L
x�x���� �`FIE`E�_�M�S>R�,>G@1Ð[B1�OAM&FHWAF �NLPWV^¨FH_�[Ì_&[AL/xH�AG��p�
M9��S>M�OAFH_�D(GIE%&

�`[AL�#ØS>GIL%���AGID(M$S(M&OAF¿_cD(GHE��PGHS>E&LNE�_?_�S�_&[AL�:�LPM!#ØF
GHL%8(LPG�D(M�L`LPE&E�LPR�_�FID(G��ÒS>M:_&[AL9�PS>R
W����N_�D(R��NL��AM�S6�QLPM7)
_�FHLPE�S���_&[AL�#ØS>RAS(G�D�1>LNM�&�'KE�FHRæ_�[
L��PD(E&LKS�� MO�7E��AOAE�_�M�D�_�L]_&[AL��NGIS>E�LPE�_^#ØS>GIL%���AGID(M?S>M&O
FH_cDZG�FIE ��� X �
W��AL¨_�S�_&[AL¨E!�AG@�p�AM��7S>M�OAFH_�D(GIE%&�<gRØS>M�WALPM?_�S�LPR
[�D(R��NL#_&[AL¨[AS>GIL��%�AM&M�LPR�_�F¿_?FIE<WALNE&FHM�D(OAGHL�_�S�M&LNW����PL¨_�[
L
�c[�D(M�,>L�FIRWY�L��N_&FIS>R�LPRALNM!,�1�_�[ALeLNRALPM�,�1ÞW
F�F�LPM&LNR��PL�OQLN_g^�LPLNRr_&[AL\:�LPM�#æF,GIL;8>LPG FIR�_&[AL�E!�AO
E�_�M&DZ_�LåDZRAW
_�[
L�LNRALPM�,�1VS��,_�[AL�?�M�E�_ ��� X � &�G L�?�RAW|G�DZ_&LPM�DZG�WAFHE!�QLPM&E�FIS>RVE�F ,>RAF@?[��DZR¦_¨LNRAS6��,([|_&S�#ØS*W
F�� 1��PS>RH)
W����n_cD(R5�PLD�AM�S6�QLPM�_&FILNEKS�� _�[AL/#æS>R
S>G�D�1>LNM��PS6#>��D(M�LPW�_&Sæ_�[
LÎE&FHR�,>GHL #ØS>GHL����
GIL��PS>R
W����N_&S>M�&�<gRÞS(M&WALNM
�ÒS>M�_&[ALå[AS>GIL\�NS>RAW����n_cD(R5�PLØS��9x4'�X _&SVO�L\#ØS>M&L�L ���NFILNR¦_�_�[
LPR D|E�FIR�,>GHLD#ØS>GIL%���AGHLÎ_�[ALØFIRWY�L��N_&FIS>R
LPR
LPM!,�1�[AD(E#_&S7OQLÏL;F�L%�N_&F�8>LNG�1|E!#æD(GHGILPM`S(MKFHR�S(_&[ALPM¨^�S>M&WAE#_�[ALÏL%F�L��n_�F�8(L
#æD(E&E#[�D(E¨_�SæO�L �QS>E&F¿_�F�8(L�&
�`[ALNM&LåD(M�LÎ_g^�S=�NS>R�_�M�FIO��
_&FIS>R
EK_�SÐ_&[ALeGIDZ_�LNM�D(G,WAFIE���LNM&E�FIS>R�^¨F¿_�[ÞW
F�F�LPM&LNR�_�RAL;J�_ÆRALNF ,>[¦OQS>M]W
FIE�_�D(R��NL
WAL%��LNRAWALPR5�PLPE%U�P ÷ER DåWAFHM&L��n_¨^�D�8>L;�p�AR��n_�FIS(R�SE8>LNM&G�D��hP|_ R E!�AOAE�_�M&DZ_�L/#æLNWAF�DZ_&LPWVE!�5��LNM&L;JH�c[�DZR�,>LÏ_+14�QL
FIR�_&LPM�D��N_�FHS>RK& G�L���D(RÐE�L���DZM�DZ_&L]_�[ALKM&LNG�DZ_&F�8>L��NS>R�_�M&FHO��
_&FIS>RAE<_�SÏ_�[ALKL%F�L��N_&F�8(LS#æD(E&E�S�� � T�� a O.1>�NS6#\)
��D(M�FIR�,Ð_&[ALåG�DZ_&LPM&D(G:WAFHE!�QLPM&E�FIS>R
E�S>O
_cDZFIRALNWa�ÒS(M�_�[ALØD(M�M�D�1�E�S���_&[AL�_�[AFHS6�A[ALNRAS>G�D�_�LPE�FHRÚ_�[ALØD(OAE�LPR��NL
S��`_&[AL7E��AOAE�_&M�DZ_&LPE�E�[AS�^¨R;S>Rh: F�,�& Ppq R �ÒS>MÏ_&[AL7E&D�#æL�,>LPS�#æLn_�M&FHLPEÎD(EÎS>RhMO�0P ÷>÷(÷WR D(R
W 'S�0P ÷>÷>÷WR
E!�
OAE�_&M�DZ_&LPE�&

�`[AL M&LNE!�AG¿_�EVS��Ï_g^�S���D(G����AGIDZ_�FHS>RAEÐE�[AS�^¨R S>RI: F�,�& qÝD(M&L E&F�#æFHG�D(M%& �`[AL WAFHE!�QLPM�E&FIS(RYS���_�[
L
#ØS>GIL%���AGID(M?E�_�DZ_�LNE�FIE<E!#æD(GHGILPMg�ÒS>M<_�[
LS'S�QP ÷>÷>÷ER �PD(E&L�: F ,�&^P�q�A�O R D(RAWÐE�SÎF¿_�FHE�LPD(E�1Ø_�SÎD(R�D(G@14�PL�&$�`[AL
D(R�DZG�1�E&FHE3S��
_&[AL<O�D(RAWAE�^¨FH_&[�_�[AL<E!�
OAE�_&M�DZ_&L�M�L�#ØSW8(LPWÏFIE0,>F�8(LPR�FIR�_cDZOAGILg<�D(RAW �AE&LNE,_&[AL<E�D�#ØL<G�D(OQLPGHFIR�,
�ÒS>M�W
FIM&L%�N_��NS6#>��D(M&FHE&S>R &��`[AL�E!�AG@�p�AM � T�� a O�D(RAWAE�[ADE8(LåO�S(_&[ÚRAL�,>DZ_�F@8>LeL;F�L%�N_�F@8>L�#æD(E&E�LPE�^¨F¿_�[Þ_�[
L
O�D(R
W
^¨FIW
_&[AE]GID(M!,(LPM9�ÒS>M¨_�[AL
MO�N,>LNS6#æLn_�M716&9<gRÞOQS(_�[3��D(E�LPE#_�[ALÏWAFIE���LNM&E&FHS>R�S�� _�[
LÎE!�
G��p�AM#O�D(RAW
E]FIE
G�DZM!,>LNM�FIRÚ_�[
LæDZOAE&LNR��PLØS���_&[ALåE!�AO
E�_�M&DZ_�L�&\�`[AFIEÆE!�5,6,>LPE�_�EÆ_�[�D�_ÆE!�AOAE�_�M&DZ_�L>#æLNWAF�D�_�LPW FHR¦_&LPM&D��N_&FIS>RAE
[�D(E�_�[ALKS6���QS>E&F¿_�L#L%F�L��n_�S>R7_&[AL]OAD(RAW
^¨FHW
_�[7_&[ALPRÐDÏWAFHM&L��n_�L*J5�c[AD(R�,>L�& G [
LPR7_&[AL]GIDZ_&_&F �PL��NS>RAE�_�D(R�_
,>Ln_�E�G�DZM!,>LNM��ÒS>M�'��KA�_�[
L�E!�AOAE�_�M&DZ_�L\#ØLPWAFIDZ_�LNWÞFIR�_�LNM�D��n_�FHS>R(�c[�D(R�,(LPE�_�[AL�S(RALeS��<_�[
L�E!�AG@�p�AM�O�D(RAW
E
� T &��`[AL��PS6���
GIFIR5,�S���_&[AL¨E&FHWAL��A[ALPRB1�G ��D(M�O�S(RAE?_�SÆ_�[AL¨E!�
OAE�_&M�DZ_&LKFHEg#D���c[ØE!#æD(GIGHLPM$_&[ALPRØ_�[AL¨E��AG��p�AM
S>M�OAFH_�D(GIE%A(^¨[AF �c[æE!��,�,>LPE�_�E<_�[�DZ_�E��AOAE�_&M�DZ_&L�#ØLPW
F�DZ_&LPWåFIR�_�LNM�D��n_�FHS>RåS���_&[AS>E�LKO�DZRAWAESP �%$ � T A R FHEL#
���c[
^�L�D�2ZLPM�&L�`[AL�O�D(RAW*^¨FIW
_&[AE��c[�D(R�,>L�OB1ÌGILNE&E`_�[AD(R ÷ 	 � &

z



½���¥�¡ é��Ì�I ��` Å ��������� �  é���Ê{é��V�I ��¨ Ó:º¦��»���¶��g c»
Ñ>×�Ù �Ó?¤ Ñ>×�Ù Ñ>×�Ù �Ó:¤ Ñ>×�Ù Ñ>×�Ù �Ó:¤ Ñ>×�Ù

Õ $ Ê
	�È « Êl¬(È�� ¬(È
	 ¬(È �� Ó��������
Õ & Êl§(È
	 Ê�Û�È�� Ê�Û�È © Ó�� ���
Õ a Ê�Û�ÈÀÛ «>È ¬�« Êl§(È « Ê�Û�È « Ñ
Õ T Ê{«>È
	�© «>È ¬�© Êl§(È « Ê�Û�È § Ê{«>È � � Ñ
� T Û�È « Û�È�� «>È�	 «>È ¬�© ¬(È � ¬(È � Ó��������
� a §(È � ¬(È
	 Ê{«>È�	 Û�È « Ó��
� & 	�È « ©(È « Ê{«>È ¬ Ê{«>È � Ê�Û�È � Êl§(È « Ó�� ���
Ñ�Ñ ��� � Ê{«>È�� «>È�	 Ó:¤
Ñ¦Ñ T Û�È
	 Ó:¤

Ñ>×�Ù P×�¤ Ñ>×�Ù Ñ>×�Ù P×�¤ Ñ>×�Ù Ñ>×�Ù P×�¤ Ñ>×�Ù
Õ $ Êl§(È�	 Êl§(È § «>È ©�© «>È � Û�È�� Û�È © Ó��������
Õ & Êl§(È�	 Êl§(ÈÀÛ Ê{«>È § Ó�� � � ���
Õ a Ê{«>È�� � «>ÈÀÛU¬ Êl§(È ¬ Êl§(È
	 Ê{«>È § Ñ
Õ T Ê{«>È ��© «>È «�� Û�È�� Êl¬(È�� Ê{«>È ¬ Ñ
� T §(È
	�© §(È�� Û�È « «>È���© Û�È § Û�ÈÀÛ Ó��������
� a 	�ÈÀÛ ¬(È�� «>È�� Ó � � � ���
� & 	�ÈÀÛ 	�È ¬ Ê{«>È�� Ê�Û�È § Ê�Û�È « Ó � � � ���
Ñ�Ñ ��� � Ê{«>È�	�© Û�È
	 Ó:¤
Ñ¦Ñ T Û�È�	 «>È © Ó:¤

��× � �Qé � ¢Z×�¥¦��·¹¸>¼�¾À¼,Â�Ã���º� � U·¹ U¶��g»�Âv¥¦¾À¶<½*��¥¦¡¦¼g�g»�¤�¶���¤�»� ?ÃIÂ�»?Ñ>×�Ù.Âv¥�Ó:¤Q�ÜÛ�Û�Ûn Ñ>×�Ù.Âv¥Î×�¤Q�ÜÛ�Û�Ûn$��¥¦¡ÆÃI»� c 
Å�Âv·¹ U¶c¤�·À��»$��»�»��U¸>¼ ��� ��º� �¼���Å� �Ä� cÂvÅ� c�g»�¾¹ U¼cÈ �<º� � U¥¦ c»�Äv¾¹ U¼$Â�Ã���º� �½*��¥¦¡¦¼,��»� �Äv¾¹Ç� U¥Î»� U·À����¾ÀÇ� ��gÂ]��º�  �  c»�ÅÆ¾
·¹ cÇ� U· ������º� Ïà�ÊÒÁ
Âv¾¿¥��e���! ��«#"�«#"�«�g�ÈVé3âA U¶���¾¹Ç� �ÅÆ��¼�¼g U¼���»� Î»� cÁAÂ�»��g U¡�ÃHÂ�»]��º� Î½���¥¦¡¦¼#á�º� c»� ÏÁ���»���½AÂv·À�
Í¦�Æ����·¹Âv¥�Ä���º¦ Æà�ÊlÙ ¡¦¾¹»� U¶���¾¹Âv¥
<¾À¼�ÁAÂv¼�¼�¾¹½�·¹ �È��<º¦ ]½*��¥¦¡�á�¾À¡¦��ºæ¾À¼�»� cÁAÂ�»��g U¡ÐÃIÂ�»`½���¥¦¡�¼�á�º� c»� ���º� � U¥� c»�Ä�¸
¡¦¾ãâA c»� U¥¦¶� �½A c�lá$ c U¥r��º� æÙ ��¥¦¡Ú��º� æàÝÁAÂv¾À¥Z��¶c��¥ ½A å¾À¡� U¥Z��¾¹Í¦ U¡�È ��º� å·À��¼g��¶�Âv·¿¤¦ÅÆ¥Ú¼�º�ÂNá�¼Æ��º¦ �½���¥¦¡
¶�º���»���¶��g c»UÈ

v



 Γ M K  Γ
wavevector

-4

-2

0

2

4

6

8

E
ne

rg
y 

(e
V

)

 Γ M K  Γ
wavevector

-4

-2

0

2

4

6

8
(a)

S
C

E
Fermi

C

C
C

C

C

(b)

����� È�¬(¢�������:��¥¦¡�¼g�g»�¤¦¶���¤�»� Æ»� U¼�¤¦·À��¼`ÃHÂ�»K��º� ÎÑ¦Ó?Ô&Õ�ÖÏÑ>×�Ù Âv¥�¬Ø·À�U¸� c»�¼KÂ�Ã?×�¤��ÜÛ�Û�Ûn�È �<º� Æ¼�¾��c �Â�Ã:��º� 
¶�Âv·¹Â�»� U¡Ì¶c¾À»�¶c·¹ U¼�¾À¼�Á¦»�Â�ÁAÂ�»���¾¹Âv¥���·Q�gÂ���º� �Á¦»�ÂPßÜ U¶��g U¡Ì¡� U¥�¼�¾¹�{¸ØÂ�Ã$¼g�����g U¼#Â�Ã, U��¶�ºV½
 U¥�¡ØÂv¥Ì�ÎÄv¾¹Ç� U¥Ì���gÂvÅ"Â�Ã
��Å�Âv·¹ U¶c¤�·¹ ���¼�¤¦·¹Ã�¤�»?Ñ(ÊÒ½�·À¤� �ª�¥� �ê>�?��¥¦¡e�gÂ�Áå¶c��»�½AÂv¥ØÓ T�� $&ÊÒÄ�»� c U¥�ª�Á�º¦ U¥�¸>·
»�¾À¥�Ä�¶c��»�½AÂv¥¦¼�Ó a � & � Ö � Ô�Ê{·À¾¹ÄvºZ�:½�·À¤� N�È
�I½
��:��¥¦¡å¼��g»�¤¦¶���¤�»� �Â�Ã���º� #¬�·À�n¸� c»�¼�·À��½�Â�Ã�×�¤Q�ÜÛ�Û�Ûn�È � »�ÂvÅ�¶�ÂvÅ�Á���»�¾¿¼gÂv¥e�{á Â�Õ`É`Ù7É ��¥¦¡e�{á Â ����ÙÐÉ
	 ¼
¶c��¥å½A `¾À¡� U¥Z��¾¹Í¦ U¡�¡�¤� `�gÂÆ��º� KÑ>×�Ù ���g����¶�º¦ÅÆ U¥��cÈ

 Γ M K  Γ
wavevector

-2

0

2

4

6

8

En
er

gy
 (e

V
)

 Γ M K  Γ
wavevector

-4

-2

0

2

4

6

8

E
Fermi

1, 2
1’

2’
3’, 4’

3
4, 5

E
Fermi

1, 2

3, 4
5, 6

1’
2’, 3’
4’, 5’

(a) (b)

����� È 	�¢Ï���� �:��¥¦¡V¼��g»�¤¦¶���¤�»� �Â�Ã:��º� �ÃI»� c Æ¼g����¥�¡¦¾À¥�Äå��»�»��U¸7Â�Ã<Ñ�Ó:Ô�Õ�Ö����]Ó:¤��ÜÛ�Û�Ûn`·À���g��¾À¶� Æ¶�Âv¥�¼g����¥��]��¥¦¡
�I½
:����¾¿·¹�g U¡�½(¸7Û�� � ��º�¾¹Â�Á�º� U¥�Âv·¿���g ���»�»��U¸�����×�¤Q�ÜÛ�Û�Ûn?·¿���g��¾À¶� #¶�Âv¥¦¼g����¥Z�cÈ

���C� ������~ ����~��S���
�

�`[ALeLNGIL%�N_�M�S>RAF��ÏE�_�M!�5�N_"�
M&L�S��?_&[ALÎS>M�,�D(RAF��Dx4'�X ��DZRÚO�LÏWAFIM�L��N_&G�1l�AM�S>O�LNWÞFIR�_�[ALD�
[AS(_�S(RN�A[AS�)
_�S�L�#ØFIE�E&FHS>R@L;JH�QLPM�F #ØLPR�_lk ÷ 	 m &y< �¨_�[
L=�A[AS(_&S>R;LPRALNM!,�1@FIEeGHLPE&EÏ_�[ALNR _&[ALÐ^�S>M!2 �p�
R��N_&FIS>RKA:_&[ALPRÝDZ_
GILPD(E�_�_g^�SN�A[AS(_&S>RAEÏ[�D(EÏ_&S�OQLÐD(O
E&S>M�O�LNW�_�S�M&L�#ØSE8ZD(G�D(R@LPGHL��n_�M&S(RK& �e1d�c[�D(R�,>FHR�,�_&[AL7LNRALPM�,�1 S��
_�[
L�FHR��PS�#æFHR�,D�A[ASZ_�S>R�D(RAW|GIS�S62¦FIR�,eDZ_¨_�[AL��QS>E&F¿_�FIS(RÌS��$_&[ALÆM&LNE&S>R�DZR��PL�S>RAL���DZR�FHWALPR�_�F@� 17^¨[ALn_�[ALNM
_�[
L�M�LPE�S>R�D(R�_KLPGIL%�N_&M&S>RAF���GIL;8>LPG3W5�AL�_�Så_�[AL/xH'�X1FHE`SH�%�����AFHLPWKA�L%#��*_+1ÌO�LNGIS�^ _&[AL�8ZD������5#äGIL;8>LPG�S>M

�



L�#>�
_+1ÐD(O�SE8(L�_�[AL�8ZD��%����# GHL%8(LPG|&g<gRX��DZM�_�F����AGID(M�A.�ÒS>M�_&[AL]_&[AFIS6�
[ALPRAS(G�DZ_&L�x.)7M Ô �KÔ S>RlMO�0P ÷>÷>÷WR _g^�S
M&LNE&S>RAD(R��PL '�D(RAW � ^�LNM&LÆM&LNE&S>G@8>LNW k ÷�m &L�`[
L�LNRALPM�,�1=�QS>E&F¿_�FHS>RÌS���' M&LPE�S>R�D(R5�PL�FIE�FHRAWAL��QLPR
WALPR�_KS��
_�[
L/�A[
S(_�S>R|LPR
LPM!,�1�DZRAW|_&[ALPM�L%�ÒS>M�LÏF¿_#FIE¨W��ALÆ_�Så_�[AL�?�R�DZG,E�_cDZ_&L�D(O�SE8(LÏ_�[
L 8ZD��%����# GIL;8>LNGOP�z5&{qæLnC
D(OQSE8>LDj�� ����� � R &�G [ALPM�L�D(ES��LPD�2X��S>E�FH_&FIS>R|S��:_&[AL � M�LPE�S>R�D(R��NLeFIE#GIFHRAL�DZM¨^¨F¿_�[3�A[AS(_&S>RÞLPR
LPM!,�1�DZRAW
_�[
LPM&L;�ÒS>M&LÏFH_¨FHEKW��
L�_&Sæ_�[
LÏM�LPE&S(R�D(R�_�L%#��
_+1|GHL%8>LNG�O�LNGIS�^ _�[
L 8ZD��%����# P`f5&sfæLnC DZO�SE8>L
j�� ����� � R &^<gR
_�[
L��AM&LNE&LPR�_KE�_!�AWAFILNE�^�L��PD(RVFIWALNR¦_&F�� 17E&L��NS>RAW3�+*�X � � a DZ_�_H& � LnC�S���_�[AL���DZM&OQS>RÌRAL;J�_¨_�SåE��AG��p�AM
�c[�D(M&D��N_&LPM : F�,�&D_ÐDZRAWa� D(O
GIL�<�&
�`[
FIE��c[�D(M&D��N_&LPM�D(E�E&F ,(R�#æLNR�_ÆFIE��NS>RAE&FHE�_&LPR�_Æ^¨FH_�[Ú_&[AL��PS>R5�PG �
E&FIS(R
WAM&D�^¨R FHRck ÷%m O�D(E�LPWrS>RÚL;JH�QLPM�F #ØLPR�_cD(G���LPD�2l��S>E�FH_&FIS>RAEKS���M&LNE&S>R�DZR��PL ��D(RAW(�NG �AE�_�LNM���D(G����AGIDZ_�FHS>RAE
S���_�[
L�WAF�F�LPM�LPR�_`GILNR�,(_&[AE`D(G�2ZDZRALN_&[AFIS>GIDZ_�LNE�S>RlMO�QP ÷>÷>÷ER &g�`[ALNM&L�FIE�RASe^�LNGIG�W
L%?�RALNW3#ØS>GHL����
G�D(M�GIL;8>LPG
FIR3: F�,�&9_ØDZ_K_&[AL�L;JH��L%�N_&LPW(�QS>E&F¿_�FIS(R|S��:_�[AL�M&LNE&S>RAD(R��PL
' P{DZ_�z5&sqæLNC R & � S�^�L%8>LNM�A �ÒM�S6#ä_�[
LÏO�DZRAW
�PS��AR�_�FIR(:$F ,�&DP|_HA3D R D(RAWa:$F ,�&DP|_HA�O R ^�LD��D(RN�ÒLn^ L;J�_�M&DÐO�D(RAWAEÆDZM&S6�AR
W(z5& 	ÐLNC"S>RN: F ,�&DP|_HA�D R A
^¨[AF��c[�DZM&L�W��
L�_�Se_�[
L xH'�Xy&H<gRVS>M&WALNM�_�S�FHWALPR�_&F�� 1Ø^¨[AF �c[VE�_�DZ_�LNE9�PS>R�_&M&FIO5�
_�L]_&Se_�[AL�S(OAE&LNM�8>LNW�M�LPE�)
S>R�DZR��PL�'YFIRak ÷�m ^�L]E&[AS6�
GIWC�AE�L�WAF �QS>GHL�#æDZ_&M&F@JØLNGIL%#æLNR¦_�FIR5�ÒS(M!#æDZ_�FHS>RåFIRÌD(W
WAFH_&FIS>Rå_�SÎ_&[AL�LNRALPM�,>FILNE
S���_�[
L�#æS(GIL��%�AG�DZM�GIL;8>LNGIE�&g<gR=�AD(M�_&F ���
G�D(M%A*FHRÐ_�[AL�S(RAL��A[AS(_&S>R=�AM�SH�NLPE&E¨GHF ,>[�_e�PS6���
GILPE	��
��_�[AL�W
F �QS>GIL
#æDZ_�M�F@JØLPGHL�#ØLPR�_�E�^¨[
F �c[Ð^�L��PS6#>���
_&L�O�Ln_g^�LNLPR|_�[AL�LPD��c[X��D(FHM�S�����:$� S4���%���AFILNW�� ���YD(RAWÌL�#>�
_+1
� ��� S>M�OAFH_�D(GIE`D�_ � � P 	�� 	�� 	 R U

X���� � ����������� � �!�"� �#�$� a&% � P ÷(' % � R*) P,+.- ' j
�0/

j
�
R � P ÷WR

^¨[ALNM&L % � � � S4���%����DZ_&FIS>RæR4�5#eO�LNM&E^�ÒS>M�GIL;8>LPGHE1�?D(R
W$�[&g�`[AL�M&LNE!�AG¿_�EO�ÒS>M�_�[ALS��S>GID(M&F���DZ_&FIS>R\��DZM�D(GHGILPG�_&S
_�[
L]E!�
M��{D��NL�RAS>M�#7D(GQX32¨D(RAW7_&[AL]FHRH)+�AGID(RAL��QS>G�D(M�F �PDZ_�FHS>RlPyX34 /

X35 R76 _�^¨FH_&[98ÆD��AE&E�F�D(RæOAM&S>D(WALPR
LPW
WALNGH_cDl�p�AR��N_&FIS>R
E�D(M&LÌE�[AS�^¨R S>Rc: F ,5&�P|� R &(�`[ALÌWAF �QS>GHL�#æDZ_�M�F@JrLPGHL�#ØLPR�_�E�OQLN_g^�LPLNR #ØS>E�_eS��¨_�[
L
S>M�OAFH_�D(GIE�DZM&L\�PLNM&S�S(M�RAL�,>GHF ,>FHOAGILÏOB1 E�14#�#ØLN_&M�1ÚS(M�E���D��NF�D(G?WALNGIS4��D(GHF �PDZ_�FHS>R�S���_�[AL�^�D�8>L%�p�
R��N_&FIS>RAE%&
�`[ALNM&LVD(M�L7_�[AM�LPLÐW
FIE�_&FIR��n_��QL�D�2¦EeFHR@WAF �QS>GHL�#æDZ_�M�F@JrLPGHL�#ØLPR�_�E/�ÒS>M;:(�QS>G�D(M�F �PDZ_�FHS>RKUÎ_&[AL�?�M�E�_�S>R
L
DZ_/_H&szÐLNC FHE�W��AL�_�SÐ_&[AL�_�M&D(RAE&F¿_�FHS>RÞOQLN_g^�LPLPRr_�[ALåS4���%���AFILNWrD(RAWÚ_�[AL�L%#��*_+1ÚE!�AM7�{D��PLåE�_cDZ_&LPE�]�_�[
L
E&L%�PS>R
WØS(RAL�FHE W��AL�_�SK_&[AL�_&M�D(RAE�FH_&FIS>RÏO�Ln_g^�LNLPR�_�[AL�SH�%�����AFHLPWeE��AM��{D��PL�E�_cDZ_&L`D(RAWÎ_&[AL�E�L��PS(RAW\�+*�X �
� a D(RAW�_�[AL�_�[AFHM&W�S(RALÏW5�ALÎ_�SØ_�[AL�_�M&D(RAE&F¿_�FHS>Rl�ÒM�S6#ä_�[
L/?�M�E�_ � � X � � T D(R
WÞE&S6#ØLÎ[
F ,>[|LPRALNM!,�1
MO�ÚE�_�DZ_�LÎDZ_�DZO�S6�*_�f5& � LnCD& �`[AS>E&L��QL�D�2V^�S6�AGHWÞM&LNE!�AG¿_�FHR�FIR�_&LPRAE�FH_+1�M&LPE�S>R�D(R5�PLPE]S��?_�[ALÏS>OAE�LPM�8(LPW
E!�QL��n_�M&D5&�<gR���D(M�_�F����AGID(M�A(DZ_:_�[
L`G�D(E�LPM��ÒM�L�-.�ALNR��%1�-=<
f5& v]LnC _�[AL^� a GHL%8>LNG*^¨FHGIG�O�L`M�LPE&S(R�D(R�_�A>^¨[ALNM&LPD(E
E!�
M��{D��NLÎE�_�DZ_�L�^¨FIGHG�O�LÏM&LNE&S>R�DZR¦_&G�1X�QS6���AGIDZ_�LNWÞDZ_(-=<3_H&wzåLNC D(RAWl�ÒS>M(-=<Xq�&szØLnC._&[AL/?�M�E�_ ��� X �
� T ^¨FIGHG?O�LØM&LNE&S>R�DZR¦_�&l:�S(MÆ_&[ALØFIRH) �AG�D(R
L>�QS>GID(M&F���DZ_&FIS>R�_&[ALØWAF �QS>GIL\#æDZ_�M�F@JÞLPGIL%#æLNR�_�EÏD(M&LØE!#æD(GIGHLPM
D(RAW|_�[ALÏGIS�^ LNRALPM�,�1|M&LPE�S>R�D(R5�PLPE�D(M&LÏD(E&E�SH�NF�DZ_&LPW|^¨FH_�[|_�M&D(RAE&F¿_�FHS>RVO�Ln_g^�LNLPRÞ_�[
L � T D(RAWN� T GIL%8(LPGHE
DZ_ ÷ & v7LnCD] � T A � a D(RAWdx5x T D�_ _H&{qVD(RAWd_H& � LNC �NS>M&M�LPE!�QS>RAW
FIR�,>G@1 ]�D(RAWÚOQLN_g^�LPLPRr_�[AL �%& D(RAWa� T

r



GIL;8>LNGIE`DZ_9f5&wzÏLNCD& � R
L�[�D(E�_&S�2(LPL%�VFIR=#ØFIRAWØ_�[�DZ_�FIRÐS>M�WALPM�_&SeE&LNL�_�[AL�LNGIL%�N_�M�S>RÌL�#ØFH_�_�LNW��ÒM&S6# _�[
L
�QS6���AGIDZ_�LNW@GIL;8>LPG<_�[
LÐLPRALNM!,�1 S��`_&[ALÐE&L%�PS>R
Wh�A[AS(_&S>R;[�D(E�_�SÞOQLÐLPR
S6��,>[�_&SÞM&L%#æSE8(LÌD(R@LNGIL��n_�M�S>R
�ÒM&S�# _&[AL
�QS6���
G�DZ_&LPW�GHL%8(LPG$_&Sæ_&[AL/8ZD��%����#l&S�`[ALNM&L�D(M�L�_g^�S=#ØL��c[�D(R
FIE!#ØEK^¨[
F �c[N,>F@8>LÏM&FIE�L�_&S7_�[
L
_(J<J j FIR�_�LNRAE&F¿_+1 PÒE&LNL
�ÒS>M#L;J
D�#>�AGIL�k ÷ 	 m R &�<gR�_�[
LÎWAFHM&L��n_�#ØL��c[�DZRAFIE�#ä_�[AL ?�M&E�_��A[ASZ_�S>RÞL*JH�PFH_&LPE]D(R
LPGHL��n_�M&S(Rd�ÒM�S6# _�[
LæS4���%���AFILNWy#ØLN_�D(G?E�_�DZ_�L�_&S|_&[ALæL%#��*_+1a#æS>GHL��%�AG�D(M]E�_cD�_�L�&��`[ALØE&L��NS>RAWy�A[AS(_&S>R
FIS(RAF �NLPE?_�[AL�#ØS>GIL%���AGID(M?D(RAFHS>RK&��`[ALKFHR�_�LPR
E&FH_+1åS���_�[
L�_(J<J jVk ÷>÷ A ÷ _ m �ÒS>M?_&[ALKS(RAL;) �PS>GHS>M?L;JH�QLPM&F�#æLNR�_
FIE%U

< ��� �� P�� � % �*- < R � ) P|_ +.-=< ' j �
/

j
�
R
�����
����
�
�
�

� % � �!� � � �	� ��� �!� � ���
j � ' j

� ' +.-=< / � b �
�����

a % � P ÷(' %
� R P|_ R

^¨[ALNM&LXb � FHEÏ_&[ALÐGIF@�ÒLN_&F #ØL�OAM&S�DZWALPRAFHR�,ÞS��¨FHR�_�LPM�#æLNWAF�D�_�LØGIL%8(LPG �(& �`[ALÌE!��# SE8>LNM�FIR�_�LNM!#ØLPWAFIDZ_�L
E�_�DZ_�LNEÌFIR jg- & _�FIR��NG �AWALNE7_�[
LÞFIR�_�LNM��ÒLNM&LPR5�PLÚL%F�L��n_�E%& �`[ALÚW
LPGH_�D �p�AR��n_�FIS(R4FIEÐM�L��AGID��PLNW OB1~_�[
L
�3S>M&LNR�_"�PFID(Ræ_&S/#ØF #ØF ��_�[AL#GIF@�ÒLN_�F�#æL�S���_&[AL�?AR�D(G�E�_�DZ_�L]D(RAWå_�[ALKG�D(E�LPMg�ÒM&L%-4�
LPR��;1��AR5�PLPM�_cD(FHR�_+1æS���_�[
L
���AGHE&LNW�GID(E&LNM&E�&

<gRæ_&[AL]E�L��NS>RAWÌFIR
WAFIM�L��N_L#ØL��c[�DZRAFIE�# _&[AL]FHR�_�LPM�#æLNWAF�D�_�L¨GIL;8>LPGQFIEL�QS6���AGIDZ_�LNW7OB1ØE&S6#ØL]FHR��PS>[
LPM&LNR�_
�AM�SH�NLPE&E �ÒS>M�L;J
D�#>�AGILåOB1 _�[ALå_"�AR
RALPGHFIR�,|S���_&[AL��
[AS(_�S�L;JH�NFH_�LNW@LPGHL��n_�M&S(R FHR _�[
LæE��AOAE�_&M�DZ_&Læ_&S�_�[
L
#ØS>GIL%���AGHL�& �`[ALVE�L��PS(RAW��A[
S(_�S>RÝM&L%#æSE8(LPEØD(R��A[AS(_&S*L*J5�NFH_&LPWÝLPGIL%�N_&M&S>R;_�SÚ_&[AL=8(D�������# ^¨F¿_�[;_�[
L
�AM�S>O�D(OAFHGIF¿_+1�,>F@8>LNR�DZE#FHRÌ_�[ALÆS>RAL��A[
S(_�S>R|D(O
E&S>M��
_�FHS>RX�AM&S4�PLNE&E�U

< ����� � �� P � � % �*- < R � ) P +.-=< ' j��
/

j � R � � % � �!� � � �$� a P ÷ ' %
� R P ÷(' % � R % � P`j�� ����� � / +.-�� R P`f R

^¨[ALNM&L\P ÷�' %
� R D(RAW %

� P	��
 �	� �
� / -=< R �{D��n_�S>M�E�M&L%-.�AFIM�LPE�_&[�DZ_�_�[ALKFIR�_�LNM!#ØLPWAFIDZ_�L¨E�_cDZ_&LKFHE�L%#��
_+1ØFHR

L�-.�AFHGIFHOAM&F���# D(R
WÐ[�D(E�L�-.��D(G �AM�S>O�D(OAFHGIF¿_+1e_�SÏO�L#L;JH�PF¿_�LNW7^¨FH_&[ÐDÏE�FIR�,(GIL��A[AS(_&S>RKA�F���FH_�E�LPR
LPM!,�1æFHE�GHLPE�E
_�[
LPR +.-�D�^�D�1D�ÒM�S6# :�LPM�#æF*GIL;8>LPG`&$�`[AL¨WAF@F�LNM&LNR¦_<GHF��ÒLn_�F #ØLPE,S���_�[
L`FIR�_�LNM!#ØLPWAFIDZ_�L`DZRAW�?�R�D(G*E�_cD�_�LPE<FHR
_�[
L�WAFIM�L��n_9#æL%�c[�D(RAFHE!# D(RAWÐ_&[AL�WAL;8*FIDZ_�FHS>R��ÒM�S6#"_�[AL��AR
F��ÒS>M�# �QS6���
G�DZ_&FIS>RæS���FIR�_�LNM!#ØLPWAFIDZ_�L#E�_�DZ_�LNE
OQLPGIS�^ +.-�#7D�1ÐGHL�D(WÌ_&SØ_&[AL��PS>M�M&L��n_�FHS>RAE`S��,_�[AL��AM�LPE�LPR�_�M�LPE!�
GH_�E%&

<gR�_&[ALC�AM�LPE&LNR�_�^�S>M�2 ^�LÌD(M�L�,>S>FHR�,�_&SÞE�_!�AW51 _�[ALÐL;F�L%�N_�S��`_�[ALÐW
F �QS>GIL>#7D�_�M&F JrLPGHL�#ØLPR�_�EÏS>R
_�[
L�_g^�S �A[AS(_&S>R��
[AS(_�S�L�#ØFIE�E&FHS>R E!�QL��N_&M�D5& � R : F�,�& z ^�L3�AGIS(_å_&[AL�E���# S���_�[
L3�AM�S>O�D(O
FIGIF¿_�FHLPE
,>F@8>LPR~O.1 P`jg- &T_ R _�S@L*JH�PFH_&L�_�[
L3?�R�DZG]E�_�DZ_�L % SE8>LNMÌD(GIG`_&[ALÞFIR
FH_�FID(G�E�_cDZ_&LPE � �(dni�u��u _�[ALl?�R�D(G
E�_�DZ_�LÎLPRALNM!,�1Nj �D�ÒS>M#_�[AL
�AG�D(R
LeRAS>M�#7D(G,D(R
WÞ_�[ALeFHRH)+�
G�D(RAL �QS>G�D(M�F �PDZ_�FHS>RAE�&��`[AL��PD(G �%�AG�DZ_&LPWN�%�AM�8(L
^�LPM&L>�PS(R.8(S>G �*_�LPW ^¨FH_&[rD3�3S>M�LPR�_"�NF�D(R(�p�AR��n_�FHS>R P`b � 	�� ÷ LNC R _&S|D����NS6�AR�_/�ÒS(M�_�[ALåE!�QL��n_�M�S6#æLn_�LNM
M&LNE&S>G��
_�FHS>RK&SG LD�AE�L�b � � 	�� ÷ LNC �ÒS>MK_&[ALeFIR�_&LPM!#ØLPW
F�DZ_&LÎGIL;8>LNG W�D�#>�AFHR�,ÐD(R
WÞ_�[ALeM�L��AGID��PLÎWALPG¿_cDZ)
�p�AR��n_�FHS>R FIRujg- & _@OB1V�3S>M&LNR�_"�PFID(R ^¨FH_&[ _&[AL E�D�#ØL(8ZD(G �ALab�� � 	�� ÷ LnC1_�SÝD����NS6�AR�_X�ÒS>MÐ_�[
L
GIF@�ÒLN_&F #ØLÏS��<_&[ALD?�R�D(G E�_cD�_�L�&/�`[ALPM�L�FIE�S>R
LD�AM&S(RAS6�AR��NLPWd��LPD�2ÞD�_ÆD(OQS6�
_ z5& 	ÐLNC
A�^¨[AF �c[ FHR¦_&LPRAE�FH_+1

÷ 	



FIE#M&LNE&S>RAD(R�_]^¨FH_&[�_&[ALÎGID(E&LNM��ÒM�L�-.�ALPR5�%1ÚD�_�D(OQS6�
_Sf5&szæLnCD& ']EK_&[AL/�ÒM�L�-.�ALNR��%1�FIR��NM&LPD(E&LNE]_�[AL�E�_�DZ_�LNE
DZ_�[AF�,>[ LNRALPM�,>FILNEÎD�_ÎDZO�S6�*_/v|LNC ,>Ln_�E�L;JH�PF¿_�LNW ^¨FH_&[�DVWAF�#æFHRAFIE�[AFIR�,��AM&S>OAD(OAFIGHFH_+1�_�S|L;JH�PF¿_�L�z|LnC
��� X � o E�& �`[AL M&LNE&S>RAD(R��PLrLPR
[�D(R��NL�#ØLPR�_3�{D��N_�S(MÌFIEÌE&LNRAE&F¿_�F@8>LÚ_�S;_�[
Ld�c[
S>F �NLrS��Ï_&[AL W�D�#>�AFIR�,
��D(M&D�#ØLN_�LNM&E¨D(R
W|L;8>LNRl�ÒS>M�_�[AL�GID(M!,>L�8(DZG �AL�S�� 	5& ÷ LNCT�
E&LPW|FIRX:$F ,�&gzÎ_&[AL�FIR�_&LPRAE�FH_+1ÐS��$_&[AL�S6�
_7)gS�� )
�AGID(RAL
�QS>GID(M&F���DZ_&FIS>R=8ZD(M&FHLPE#OB1�_&[ALeS>M�WALPMKS�� #7D�,>RAFH_!�AWAL�&��`[ALÎM&LPE�S>R�D(R5�PL�L%F�L��n_�FIE#M&LNG�DZ_&LPW�_&S7_�[
L
G�DZM!,>LeW
F �QS>GIL/#7DZ_&M&F JÞLNGIL�#ØLPR�_ÆOQLN_g^�LPLNR _�[
LØS4���%���AFHLPW E!�AM7�{D��PLåE�_cDZ_&LåD(RAW _�[AL�E�L��PS(RAW �+*�X � � a
E&L%��D(M&DZ_�LNW�OB1df5&wvVLnCD& :�S>M�_�[ALØG�DZM!,>LNM�G�D(E�LPM��ÒM&L%-4�
LPR��;1�[AF�,>[ALNM�LPRALNM!,�1rE�_�DZ_�LNEÎD�_DvÌLNC �NS6�AGIWrOQL
L;JH�NFH_�LNWÚ^¨FH_�[Þ_&[AL�WAL%��D�1�FIR�,X�AM�S>O�D(OAFHGIF¿_+1|_&SÌL;JH�PF¿_�L\zÐLnC �#*]X � &Q:�S>M]_&[AL�FIRH) �AG�DZRAL
�QS>G�DZM&F �PDZ_�FHS>R
_�[
LPM&LæFIEÏRAS�E�_�M&S(R�, �ÒM&L%-.�ALPR��;1@WAL%��LNRAWALNR��PLÌS���_(J<J$LÐFHR¦_&LPRAE�FH_+1�A:O�L%��D��
E&L7_&[ALPM�L7FIEÏRAS �AD(M�_&F ���
G�D(M
��D(FHMÎS��¨E�_cDZ_&LPEe^¨[AF��c[ WAS6#ØFIR�DZ_&LØ_&[ALÌE!�5# FIR j - &y_H&a�`[ALNM&L%�ÒS(M&LÐ_�[
LÐM�DZ_&FIS�S��¨_�[ALÐS��
_�)ÜS�� )+�AGID(RAL
D(RAWÞ_&[AL�FIR4)+�AGID(RAL ��S>GID(M&F���DZ_&FIS>R
EKE�[AS6�AGHWÚO�L
8(LPM71ÚE&LNRAE&F¿_�F�8(Le_�S7_&[AL�G�DZE&LPM��ÒM&L�-.�ALNR��%1�A�F��?_�[
L�WAFIM�L��N_
#ØL��c[�D(R
FIE!# ^�S��AGIW OQL�WAS6#ØFIR�DZ_&L�&Dx*F #ØFIGID(M���D(G����AGIDZ_�FHS>RAE��ÒS(M�_�[AL>_(J<J j FHR¦_&LPRAE�FH_+1�^�LNM&LåWAS>RAL��ÒS>M
_�[
LÎFIR
WAFIM�L��N_S#æL%�c[�D(RAFHE!# P`jg- &�f R D(E�E!��#ØFIR�,Ø_�[ALÎE�D�#ØL
�QS6���AGIDZ_�FHS>R|M�DZ_&LÎS��<DZGIG3_�[ALÎFIR�_�LNM!#ØLPWAFIDZ_�L
E�_�DZ_�LNE�&��`[
L�M&LNE!�AG¿_�E$�ÒS>M�_g^�S���S>GID(M&F���DZ_&FIS>R
E$DZRAWÎ_�[
L�E�D�#ØL�WAD�#��
FIR�,���D(M&D�#æLn_�LNM&E?D(M�L�E�[AS�^¨R�FIR�: F�,�&
vH&��`[
LPM&LåDZM&LÎR
SC�AM&S(RAS6�AR��NLPW M&LNE&S>RAD(R��PLNE�S>OAE�LPM�8(LPWa�ÒS>MK_&[ALeFHRAWAFIM�L��n_S#ØL��c[�DZRAFIE�#3&��`[
LeM�DZ_&FISæS��
_�[
L�S��
_�)ÜS�� )+�AGID(RAL]D(RAWÌ_�[ALÆFHRH)+�AGID(RAL���S>GID(M&F���DZ_&FIS>R
E�FHE`M&LPGIDZ_�F@8>LNG�1æFIRAWAL%��LNRAWALNR¦_#S>R|G�DZE&LPMe�ÒM&L�-.�ALNR��%1�&
�`[ALåM�D�_�FISÌS���_&[ALåFIR�_�L%,>M�D�_�LPWa�QL�D�2�FIR�_�LNRAE&F¿_�FHLPEÆDZ_ zÌLNC �ÒS(M - < ��f5&{q�A0f5&w�HA0f5&wvHA�D(RAWdf5&srVD(M&L ÷ & � A
q�&sz5A f5& � A�DZRAW q�& 	æM�LPE���L%�N_�F@8>LNG�16&��`[AFHE]FHEKFHR�D�,(M&LPL%#æLNR�_]^¨FH_&[�_&[ALÏL*JH��LNM&F #ØLPR�_�D(GIG@1ÌM&L%��S>M�_�8ZD(G��AL�S��
��� 6 ������qØDZ_ -=< �uf�� vÎLnC k ÷�m &g�`[AL�D(R�DZG�1�E&FHE�O�D(E�LPWVS>RÌ_�[AL�W
F �QS>GIL�#7DZ_&M&F JÐLNGIL�#ØLPR�_`L;F�L%�N_�#æD�2(LNE
�AE�_�SD�NS>R��PG��AWAL#_�[�DZ_O#æS(E�_�GIF 2ZLPG@1�#æL%�c[�D(RAFHE!# �ÒS>M�_�[AL#_g^�SD�
[AS(_�S(RC�A[AS(_&S*L%#æFHE&E�FIS>RØFIR�_�LNRAE&F¿_+1ØFIE�D(R
FIR
WAFIM�L��N_�A(^¨[ALNM&L¨_�[AL`FHR¦_&LPM�#æLNWAF�DZ_&L^#ØS>GIL%���AGID(M E�_cDZ_&L`FIEg�QS6���AGIDZ_�LNWåD(E�D�M&LPE��AGH_<S���_&[AL`E&FHR�,>GILO�A[AS(_&S>R
D(OAE�S>M!�*_�FIS(R�DZRAW|_&[AL��PS>R
E&L�-.�ALNR�_�LPGHL��n_�M&S(R|L%#æFHE&E�FIS>RÌW��
L�_&[ALÆE&L��NS>RAW3�A[AS(_&S>R|D(OAE&S(M!�
_&FIS>RK&

�C� � 	��	���L��=�S����	��t�S�
� ������9����	��

�`[AL/�c[�D(R�,>LÏS��:_&[ALÏ^�S>M!2=�p�AR5�N_�FHS>R�W5�ALÏ_&Sæ_�[
L�xH'�X #7D�1VOQLÎL%#��AGHSE1>LPW�FIR�LPGIL%�N_&M&S>RAF��ÏW
L%8�F �NL
D����
GIF �PDZ_�FHS>R _�S;D(GHF ,>R _�[
L(:�LPM!#ØF#GIL%8(LPGKS���_�[AL #æLn_cD(G`_�S@_&[AL38ZD(GID(R��NL�S>M��PS>RAW5���N_&FIS>R O�DZRAWAEÐFHR
��DZM&OQS>RÞR�D(R
S(_"�AOQLPEDk ÷ f m &�<Ü_KFIE�8(LPM71�F�#��QS>M�_�D(R�_¨_�S7[ADE8(L�DæM�L�D(GHFIE�_�F ��_&S*S>G3_&S�#æD�2(LÎD�-.��D(R�_�F¿_cDZ_&F�8>L
�AM�LPWAF��N_�FHS>R7S��3_�[AL��c[AD(R�,>L�FHR7_�[
LK^�S>M!2B�p�AR��n_�FHS>RÌW��AL]_&[AL�xH'�X D(WAE�S>M&O�D�_�L�&g�`[
L]^�S(M!2\�p�AR��N_&FIS>R7S��
D\�PM�1�E�_cD(G,FIE`_�[
L
#ØFIRAF�#D��# LPRALNM!,�1|M&L%-.�AFIM�LPW�_&S7M�L�#ØSW8(LÎDZR�LPGHL��n_�M&S(Rl�ÒM�S6# WALPL%��^¨FH_&[AFIRÌ_&[ALÏO5�AG 2
_�SØD\��S(FIR�_¨D\#7D��NM&S>E��PS6�
F ��WAFHE�_�D(R��PLÆS6�*_�E&FHWAL�_�[ALÆE��AM��{D��NL�&�X�S>M�L��AM&L%�PFIE�LPG@16A


 ����P� R ' � � ����� � � P�q R

÷>÷



0

5

10

15

20

0 1 2 3 4 5 6
Intermediate state energy (eV)

0

5

10

D
ip

ol
e 

M
om

en
t (

a.
u.

/e
V

)

(a)

(b)

H
1

hω
1
=3.7 eV

Prediction hω1=2.6 eV

SS
occ

L
2

SS
occ

SS
1

SS
5

H
3

L
1H

1, 2
SS

1

H
1

L
1

H
4

L
1

H
2

L
2

����� È
©(¢�Ó:��·À¶c¤¦·¿���g U¡Ø¡¦¾¹ÁAÂv·¹ `ÅÆ���g»�¾ãê� U·¹ UÅ� U¥Z��¼�½A c�{á  c U¥7��·À·�ÁAÂv¼�¼�¾À½�·¹ �Á���¾¹»�¼<Â�Ã3Â(¶c¶c¤�Á*¾¹ U¡å��¥¦¡æ¤¦¥�Â>¶c¶c¤�Á�¾¹ U¡
¼g�����g U¼�ÃIÂ�»K��º¦ Ï�lá$ÂÌ·À¾¹ÄvºZ�#ÁAÂv·À��»�¾ �U����¾¹Âv¥¦¼#Á���»���·À·¹ U·�����#�gÂæ��º� e¼�¤�»�ÃI��¶� Î¥�Â�»�ÅÆ��·��I½
#��¥¦¡|ÃIÂ�»]��º� Î¾¿¥>ÊÒÁ�·À��¥� 
ÁAÂv·À��»�¾ �U����¾ÀÂv¥eÇ� c»�¼�¤¦¼? U¥¦ c»�Ä�¸Î¡�¾ãâ
 c»� U¥¦¶� U¼cÈ

3 4 5 6 7
E

f
-E

Fermi
 (eV)

0

400

800
0

400

800
0

2000

4000
0

2000

4000

3 4 5 6 7 8
E

f
-E

Fermi
 (eV)

0

200

400
0

200

400
0

200

400
0

200

400hν (eV)
3.9

3.7

3.5

3.4

(a) (b)

����� È �(¢,è�»� U¡�¾À¶���¾¹Âv¥ÎÂ�Ã���º¦ ��lá$Â�Á�º�Â��gÂv¥�Á�º¦Â��gÂZ UÅÆ¾¿¼�¼�¾¹Âv¥Î¼gÁA U¶��g»�����¶c¶�Â�»�¡¦¾¿¥�Ä��gÂ�é��*È����N�ÃHÂ�» �  ��«#"�«#"�«��È

^¨[ALNM&L ��P� R FHE _�[AL`LNGIL%�N_�M�S>E�_�DZ_�F��^�QS(_�LNR¦_&F�D(G4�{D(M$�ÒM�S6# _&[AL`E!�
M��{D��NLKDZRAW �(� ����� �>FIE _&[AL`O��AG�2
�c[AL%#æF���D(G
�QS(_�LNR¦_&F�D(G`&��`[
LPM&L#D(M�L`_g^�S �PS>R�_&M&FIO5�
_�FHS>RAE _&SÆ_&[AL`^�S(M!2
�p�AR5�N_�FHS>Rlk ÷ q m _&[AL¨LPGIL%�N_&M&S>E�_cDZ_&F ��O�DZM&M&FHLPM?W��
L
_�S _�[AL�E!�AM7�{D��PLÞW
F �QS>GIL|D(RAW _�[AL3#7D(RB1B)gOQS�W51ÝL%F�L��N_&EÐS���_&[AL�E��PM�LPLPR
LPW [AS>GHL�&u�`[ALÞLPGHL��n_�M&S(E�_cD�_�F �
�PS(R¦_&M&FHO��
_�FHS>RC�ÒS>GHGIS�^¨E^�ÒM&S6# _�[AL�J,S>FIE�E&S>R|L�-.��DZ_&FIS>R U

�$P  R=' �$P 	 R �Iq����	�
�

:[k�
 P : R0' 
�gP : R�m�� :�� P|� R

�AM�SW8�FHWALPW|_�[AL �c[�D(M�,>LÏR
L��
_&M�D(GHFH_+1ÌS��$_�[AL�E&GID(O|FIE¨E�DZ_&FIE7?�LPW�� �� k�
 P : R�' 
�gP�: R�m�� :�� 	5A�^¨[ALPM�L�
ÌDZRAW

�ÝD(M&L�_�[
LæLNGIL��n_�M�S>R�DZRAW R.���NGILPD(M��c[�D(M!,(LØW
LPRAE�FH_�FHLPE%&��`[AL>#æD(RB1.)ÜO�S�W51ÚL;F�L%�N_&EÎD(M�L\�PS>R�_cDZFIRALNW FHR
_�[
L�L*JH�c[�D(R�,>LÏD(RAWl�PS(M&M&LNG�DZ_&FIS>R=�NS>R�_�M�FIO��
_&FIS>R
E�_�S �(� ����� � &

÷ _



0

4

8

12

16

I z (
ar

b.
 u

.)

3 4 5 6 7 8
E

f
-E

Fermi
 (eV)

0

2

4

6

(I
x+

I y)/
2 

(a
rb

. u
.)

hν
L
 (eV)

3.4
3.5
3.7
3.9

(a)

(b) hν
L
 (eV)

3.4
3.5
3.7
3.9

����� È 	Z¢ Ñ>¤�½�¼��g»����g ¨��¼�¼�¾À¼�����¥���§]Á*º�Â��gÂv¥�Á�º�Â��gÂ( UÅÆ¾À¼�¼�¾¹Âv¥�¼gÁA U¶��g»���¶c��·À¶c¤�·À����¾¹Âv¥¦¼cÈ

�`[AL�E�G�D(OÞS���_&[AM&LNL�#æLn_cD(G$G�D�1>LNM]^¨FH_&[ÚS>RAL�E�FIWALD�NSE8>LPM�LPWrOB1axH'�X [AD(EÆDC��LNM!#æD(RALNR¦_�RAS>RH) �PLPM�S
WAF���S>GHL]^¨[AF��c[�FIR
W����PLNE#D>�NS>RAE�_�D(R�_#LPGIL%�N_&M&F ��?�LNGIWVFIRÌ_&[AL 8ZD��%����#äM�L�,>FHS>RKAAE����c[�_&[�DZ_`_�[
L
M�S��AGIS6#ÎO
�QS(_�LNR¦_&F�D(G �$P  R ��DZR4O�Ll�ÒS6�ARAW��ARAF -.�ALNG�1�&�:�S>M�_�[
L�^�S(M!2h�p�AR��n_�FIS(R���DZG ���
G�DZ_&FIS>RAE�^�LÞFIR5�PM&LPD(E&LNW
_�[
L�#æLn_cD(GHGIF �/MO� E!�
OAE�_&M�DZ_&Lå_&SÌE&F JÚG�D�1(LPM&LNEÆD(RAWa�PSE8(LPM&LNW F¿_��ÒM&S�# _&[AL�O�SZ_�[ÚE&FHWALPE%&
�`[AL�FHRB8>LPM�E&FHS>R
E�14#>#æLn_�M71ÚS���_�[ALØE&GID(O(�ÒS>M!�NLPEÆ_�[ALåRALn_ÏW
F �QS>GILe_&S|OQL\�PLNM&S�&>�`[AL�M�S6�AGIS�#eOa��S(_&LPR�_�FID(G:S���_�[
LØ_g^�S
E&FHWALPW3�PSE8>LNM&LNWÞE&F JVG�D�1>LNM�MO�QP ÷>÷WR E��AOAE�_&M�DZ_&LÎFHE#E�[AS�^¨R�S>R3: F�,�& � D(GHS>R�,�^¨FH_&[3�NGIL�DZR�E��AOAE�_&M�DZ_&LÎDZRAW
_g^�SNxH'�X DZM&M�D�1�EÆFIRÚ_�[
LåD(OAE&LNR��PLæS��<_�[ALåE��AOAE�_&M�DZ_&L�&\�`[ALå^�S(M!2 �p�AR5�N_�FHS>R S���_�[AL��NGIL�DZR MO�0P ÷>÷>÷WR
FIE/�ÒS6�ARAW@_&SÚO�LX�4& 	ÞLnC FIR DN,>S�S�W;D�,>M�LPL�#ØLPR�_e^¨F¿_�[;L*J5�QLPM�F #ØLPR�_cDZGe8ZD(G �
L7S���q�&srÞLNC
&$�`[ALÐ^�S>M!2
�p�AR��n_�FHS>R@S��`_&[ALC�PSE8(LPM&LNW E!�AOAE�_�M&DZ_�LÌFHEÎM&LNW����NLPW;_�Sa_4& v�LnCDA,^¨[ALPM�L�D(E�L*J5�QLPM�F #ØLPR�_cDZGe8ZD(G �
L7FIE
f5&wv
LNC k ÷�m & �$SrE&L%��D(M&DZ_�LÌ_�[
L|LNGIL%�N_�M�S>E�_�DZ_�F��ÌD(RAWÝL;JH�c[�DZR�,>Ll�PS>M�M&LPGIDZ_�FHS>R �NS>R�_�M&FHO��
_&FIS>RAEe_&SÚ_�[ALÐ^�S>M!2
�p�AR��n_�FHS>R�^�Ll�PD(G �%�AG�D�_�Lå_�[ALÌE��AM��{D��NLÌWAF �QS>GHLæOB1@FHR�_�L�,(M�DZ_&FIR�,|_�[AL=�c[�DZM!,>LÐW
LPRAE�FH_+1@S��#_&[ALÐ[�DZG��`_�[
L
�ARAF¿_��PLNGIG|U �

� � 2�� a
�

:[k�
 P '+� ( � : R�' 
�gP '+� ( � : R�m�� ' � ( � :�� P`z R

�`[AL¨M�D�_�FIS]S�� M�S6�AGIS�#eO���SZ_�LPR�_&F�D(G*WAF�F�LPM�LPR��NL¨D��PM�S>E&E?_�[
L`E&FIR5,>GIL�GID�1>LPM?S��Kx4'�XäFIRåD��ÒM&LNL`E!��D��PL/P`: F�,�&
� A�O R SE8>LPM,_�[ALLq��

�
��� � FIE ÷ & 	 ÷ & �`[AL�M&DZ_�FHS¨S��
_&[AL�^�S>M�2��p�AR��N_&FIS>RÆ_�S¨_�[
L�LNGIL��n_�M�S>E�_�DZ_�F��g�PS>R�_�M�FIO��*_�FIS(R

D(M�L ÷ & 	6reD(RAW ÷ & � ÷ �ÒS>MO�NGIL�DZRXMO�0P ÷(÷>÷WR D(R
WlxH'�X"!�MO�0P ÷>÷(÷WR M&LNE!�QL��n_�F�8(LPG@16& �`[AL�WAF���S(GIL���LNM�x.)7M Ô��#Ô
#ØS>GIL%���AGHLØFHRr_&[AL=x4'�X D(M�M�D�1rFIE

�
��� � � ÷ & ÷ r3��LPOB1>L�A ^¨[ALNM&L�DZE�D�WAF���S(GILåS���_&[AL7E�FIR�,>GHL\#æS>GHL��%�AGIL

S��<_�[
LØE&D�#ØL�,>LPS6#ØLN_&M�13��D(G����AGIDZ_�LNWÞ^¨FH_&[ \������PS�WALlk ÷ � m ,�D�8(LåDVE�F ,>R
F�?[�PD(R�_�G�1�G�DZM!,>LNMS8ZD(G �ALDf5&wf�f
��LPOB1(L�&L�`[AL�O�D(RAW=�ÒS>M�#7D�_�FIS(RæFHRÐ_�[AL�#ØS>GIL%���AGID(M�D(M&M&DE17GILPD(W7_�Se_&[AL�M&LNWAFIE�_�M�FIO��
_&FIS>R7S���_�[AL�8ZD(GID(R��PL
�c[�D(M�,>L7W
LPRAE�FH_+1 S>Rr_�[AL�#æS>GHL��%�AGILe^¨[AF��c[ ��D��AE&LNW;D3#D�5�c[�E!#æD(GHGILPM�L;F�L%�N_&F�8>LæWAF �QS>GHL�#æS6#ØLPR�_�&C<gR
D(WAW
FH_�FHS>Rå_�[AL�GHS>R�,ÏM�D(R�,(L�M�S6�AGHS6#eOæFIR�_�LNM�D��n_�FIS(R��PM�L�DZ_&LPE¨D(R7L%F�L��N_&F�8(L�LPGHL��N_&M&F���?�LNGIW7^¨[AF��c[ÌM&LNW����PLNE

÷ f



-8
-4
0
4

V
C

ou
l (

eV
)

-8
-4
0
4

V
 C

ou
l (

eV
)

-30 -20 -10 0 10 20 30
Z coordinate (a. u.)

-8
-4
0
4

V
C

ou
l (

eV
)

Cu
6x3

Cu
6x3SC

6
H

5 C
6
H

5

C
6
H

5
C

6
H

5 S S

S

E
Fermi

E
Fermi

E
Fermi

W=5.0 eV
p=-2.06 D

p=1.19 D

p=-0.8 D

W
1
=6.5 eV

W
2
=3.8 eV

W=2.7 eV

����� È��(¢�ËÌÂ�»��eÃI¤�¥¦¶���¾¹Âv¥e��¥¦¡å¼�¤¦»�ÃI��¶� `¡¦¾ÀÁ
Âv·À �¶c��·À¶c¤�·À����¾¹Âv¥¦¼:ÃIÂ�»?��º� ¨¶c·¹ U��¥æÓ?¤Q�ÜÛ�Û�Ûn`�����ª�¼�¾¿¥�Äv·¹ `Å�Âv¥�Âv·À�n¸� c»
�I½
:��¥�¡ØÑ>×�Ù Âv¥æÓ?¤Q�ÜÛ�Û�Ûn`��¶n�È

_�[
LÌWAF �QS>GIL>#ØS6#æLNR�_�S��¨_�[AL�#æS>GHL��%�AGILæO.1 _�[ALVD�#æS6�
R¦_D�AM&S6�QS>M�_�FIS(R�D(G?_�SÚF¿_�ED�QS>G�DZM&F �PD(OAFHGIFH_+1�& :�S>M
_�[
L|FHR�_�LPM�#æLNWAF�D�_�LC�NS6���AGHFIR�,a�PS(R¦_&M&S>GHGILNW;O.1;_&[ALVWAFIE�_cD(R5�PLVO�Ln_g^�LNLPR~_&[ALX#æS(GIL��%�AGILNEeFH_åFHE�[�D(M�WÝ_&S
E&L%��D(M&DZ_�L _�[ALrM&LNG�DZ_&F�8(LrE�_�M�LPR�,(_&[ S��Ï_�[AL _g^�S~L%F�L��n_�E%AÆ^¨[
F �c[YD(M&L _cD�2ZLPRYFIR�_�S D����NS6�AR�_�FIRI��:$�
E!�5��LNM!�PLNGIG�D��5�AM&S�D��c[�S>RV_�[
L�E&D�#ØL��ÒS*S(_&FIR�,5&

G [ALNR@_�[ALC�NSE8(DZGILPR�_ÎO�S>R
W;FIE/�ÒS(M!#ØLPW�OQLN_g^�LPLNRÝ_&[ALÐE��AG��p�AMÎD(RAW�_&[ALÐRAS(OAGIL�#æLn_cD(G<_�[AL��c[�D(M!,(L
_�M&D(RAE7�ÒLPM�_cD�2(LPE��
G�D��NL�& � RN?[,�&/ræ^�LåE�[AS�^ _&[AL��c[�D(M�,>LPE�WALNRAE&F¿_�FHLPE�FHR¦_&L�,>M&DZ_�LNWÚSE8>LPM�_&[AL ')( �
G�D(RAL
8>LNM&E��AEÏ_&[AL��
G�D(RALåRAS(M!#æD(G:WAFHM&L��n_�FHS>Rd�ÒS(M�_�[ALå_�[AM�LPLØM!�AR
EÏS��O��D(G����AGIDZ_�FHS>RAE�S��^�PGHL�D(R MO�0P ÷>÷>÷WR A,_g^�S
xH'�X DZM&M�D�1�EÎ^¨F¿_�[;RASÚE��AOAE�_&M�DZ_&L�A�D(RAW@_&[ALÐWAS��AOAGIL7E&FIW
LPW�xH'�X"!6MO�0P ÷>÷>÷WR &d�`[
L=�c[�D(M!,(LÐWALPR
E&FH_+1
�c[�D(R5,>L�W5�AL�_&[AL�DZWAE&S>M�O�DZ_&L�E�[AS�^¨R4S>R : F ,�&�P`rHA�O R FIE�8>LNM�1ÝE!#æD(GHG|A<E!���c[ _�[�DZ_��c[�D(M�,>LV_�M�DZRAE��ÒLNM
OQLN_g^�LPLPR _�[AL�#ØS>GIL%���AGHL�D(RAW _�[
LØE��AOAE�_�M�D�_�LØS���GHLPE�E�_�[ALNR 	5& ÷�� _�D�2(LNE/�AGID��PL�&��`[AL\�PS>M�M&LNE!�QS>RAWAFHR�,
WAF���S>GHL #ØS6#ØLPR�_ÐW��
LÞ_�[AL(�c[�DZM!,>LÞ_&M�D(RAE7�ÒLPMÌFHEÐS>RAG@1 	5& 	Bv�z ��LPOB1>La�QLPM=#ØS>GIL%���AGHL�& �`[AFHEÌF #>�AGIFHLPE
_�[ADZ_`LPGHL��n_�M&S(E�_cD�_�F ���PS>R�_&M&FIO5�
_�FHS>R7_�Se_&[AL]^�S>M!2>�p�AR��n_�FIS(R=�c[�D(R�,>LS��D(RVOQL�LPE�_�F #æDZ_&LPW7^¨F¿_�[ÌWAL%,>M&LNL�S��
D��%���AM&D��%1VOB1=�PD(G �%�AG�DZ_&FIR�,Ï_�[ALÆWAF���S>GHL�#ØS6#æLNR�_¨S��$_&[AL��ÒM&LNL�E�_cD(R
WAFIR�,ØD(M�M�D�1ÌS���#ØS>GIL%���AGHLPE�&

����� �[\}i}i�/���

G L�[ADE8(L
�PD(G �%�AG�DZ_&LPW|LPGHL��N_&M&S>R
F �ÆE�_&M!���n_"�AM�LÏS��$_�[AL
xH'�X1_�[
FIS6�A[
LPRAS>GIDZ_�L�P`x.)7M Ô �#Ö R S>R(MO�0P ÷>÷>÷WR
D(RAW�'��0P ÷(÷>÷WR E��AOAE�_�M�D�_�LPE%&�G�Le�ÒS6�ARAWe_&[AL�E!�
G��p�AM � � X � P � T R _�S�_�[
L^�PGHS>E&LNE�_:_&S�_�[AL9:�LNM!#ØF*GHL%8>LNG
FHR
OQS(_�[X��DZE&LPE#D(R
WV_&[ALPM�L%�ÒS>M�L�_�[ALÆ[AS(GIL��c[�DZRARALPG3FHE�L;JH�QL��n_�LPW|_�S\�PS(R¦_&M&FHO��
_�L�_&[AL�#ØS>E�_�_&S�_�[AL��%�AM&M�LPR�_
FIR _�[ALC�
M&LPE�LPR��NLÌS��`_�[
LÐOAF�DZE�& G LÐFIW
LPR�_�F@?�LPW �ÒS��AM � � X � o EåD(RAW _�[AM�LPL=�+*�X � o ED�ÒS>M�_�[ALÐOQS(_&[

÷ q



-30 -20 -10 0 10 20 30
Z  coordinate (a.u.)

-0.1

-0.05

0

0.05

0.1

ρ 1−ρ
2−ρ

3 (
e/

a.
u.

)

-30

-20

-10

0

 ρ
1, ρ

2,  
ρ 3 

(e
/a

.u
.)

C
6
H

5 S Cu
6x3 S C

6
H

5+

-

+

---

+

+

p=0.08 eB

����� È �(¢������Ó?º¦��»�Ä� ¨¡� U¥¦¼�¾¹�{¸ÏÇ� c»�¼�¤¦¼ ��Ê{¡�¾¹»� U¶���¾¹Âv¥�Â�Ã���º� KÓ?¤Q�ÜÛ�Û�Ûn¨�I½�·¿¤� N�ª�ÃH»� c KÑ>×�Ù �I»� U¡*?��¥¦¡å���g����¶�º¦ U¡
Ñ>×�Ù �Ó?¤Q�ÜÛ�Û�Ûn`�I½�·À��¶ ���È��I½
 µ  U¼�¤�·¹��¼ ÃHÂ�»<��º¦ �¶�º¦��»�Ä� #¡¦ U¥¦¼�¾¹�l¸Ï¡¦¾ãâA c»� U¥¦¶� `��¥¦¡e��º¦ �¾¿¥¦¡¦¤¦¶� U¡e¡¦¾¹ÁAÂv·¹ ����?��º� 
¶�Âv¥Z����¶���¡¦¤¦ ��gÂÏ��º� ¨¶�º���»�Ä� #�g»���¥�¼gÃH c»�Á  �«>È « �å���¨�È

E�1�E�_�L�#ØE�&9�`[
L
#ØS>E�_#WAFHE!�QLPM&E�F�8(L/#ØS>GIL%���AGID(M�O�DZRAWAE�DZM&LÆS��:_&[ALÏE�FIWAL��PD(M&OQS>RÞD�_�S6#ØE��c[�D(M�D��N_�LNM�&9:�S>M
_�[
Le#ØS>E�_�F�#��QS>M�_cD(R�_3E��AG��p�AM�O�DZRAWAE�^�LL�ÒS6�ARAWÆ_g^�S��PS6#>�QLN_�FHR�,9�PS(R¦_&M&FHO��
_�FHS>RAE3_�S¨_�[
L�WAFHE!�QLPM�E&FIS(RKULP ÷WR
_�[
L�WAFIM�L��n_�^�DE8(L%�p�AR5�N_�FHS>RVSE8>LPM�G�D��Ð_&SD,>F@8>L�DeR
L�,�DZ_&F�8(L]L%F�L��n_�F@8>L�#æD(E&E�P|_ R _&[AL]E��AOAE�_�M�D�_�L�#ØLPWAFIDZ_�LNW
FIR�_&LPM�D��N_�FHS>Re_�S ,>F@8>L¨D���S(E&FH_&F�8(L`L%F�L��N_&F�8(L�#æD(E&E%&��`[AL¨SE8>LNM�D(GHG�E&F ,(RØS���_&[AL¨L%F�L��N_&F�8(L�#æD(E&E?FHEg�c[�D(R�,(LPW
OB1(,>S>FHR�,C�ÒM&S�# MO�r_&SX'S�rE!�AOAE�_�M&DZ_�LåW��AL�_&S|_&[AL�WAF�F�LPM�LPR�_ #æS(GIL��%�AGILÎE&L��AD(M�DZ_&FIS>R WAL%��LNRAWALNR��PLæS��
_�[
LÆ_g^�SØFIR�_�LNM�D��n_�FIS(RAE�&

�`[ALÌWAF���S(GIL�#æDZ_&M&F@J LNGIL�#ØLPR�_åFHR5�ÒS>M!#æDZ_&FIS>RAEÏD(GHGIS�^�LNWh�AEe_�S FHWALPR�_�F@� 1 ^¨[
F �c[ S��¨_�[ALX#ØS>GIL%���AGID(M
E�_�DZ_�LNE#^�LPM�LÏS(OAE&LNM�8>LNWÞFIRÌ_&[ALÆL;JH��LNM&F�#æLNR¦_#S���n�[.�3,(M&S6��� k ÷�m S>RV_�[AFHS6�A[ALNRAS>GIDZ_�L�S>R3MO�0P ÷>÷>÷WR & �`[AL
M&LNE&S>RAD(R��PL�')E&LPLNRÐDZ_ez5&{qÆLNCYFIR3k ÷�m FIE ��DZG ���
G�DZ_&LPWØDZ_ez5& 	ÆLnC DZRAWØ_&[AL¨M&LNE&S>R�DZR��PL �ÝS>O
E&LPM78>LNWÌDZ_ef5&{q
LNC.FIE��ÒS6�ARAWÞW5�ALÏ_&S7_�[AL
�+*�X � � a DZ_�_H& � LNCD& �`[AS>E�LD#ØS>GIL%���AGID(M¨E�_cD�_�LPE�D(M&L/#7D(FHRAG�1ÐW��ALÏ_&S7_�[
L
�c[�D(M&D��N_&LPM#RAL;J�_K_�SØE!�AG@�p�AM#D(RAW�_&S6� �PD(M&OQS>R�DZ_�S�#æE%&eG L/#æD(WAL�_�[
L/�PD(G �%�AG�DZ_&FIS>R
E`S�� _&[ALÏM�LPE�S>R�D(R��NL
' �ÒS(M�_&[AL7WAFHM&L%�N_�DZRAW@FIR
WAFIM�L��N_/#ØL��c[�D(R
FIE!#ØE�&3:�S>MÆ_�[ALæS6�
_�)ÜS�� )+�
G�D(RAL\�QS>G�DZM&F �PDZ_�FHS>RÚFIRr_�[AL7WAFIM�L��N_
#ØL��c[�D(R
FIE!#1^�L��ÒS6�ARAW@_&[AL7_&M�D(RAE�FH_&FIS>RrO�Ln_g^�LNLPR _�[AL7SH�%�����AFHLPW@E��AM��{D��PLÌE�_�DZ_�LNE�D(RAW _�[AL=� a E�_cDZ_&L
�PS(R¦_&M&FHO��
_�LNE�_&[AL>#æS>E�_�FIR�_�LNRAE&F¿_+1ÚFIR�_�S _(J<J j FIR�_�LNRAE&F¿_+16&�<gR ��D(M�_�F����AGID(M�A�_&[ALæS(M&WALNMÏS��O#7D�,>RAFH_!�AWAL
FIR�_&LPRAE�FH_+1�LNRA[�D(R��NL�#ØLPR�_�FIEg�AM�LPWAF��N_&LPW\�ÒS>M:_�[AL¨M�LPE&S(R�D(R��NL�' FHE _�[AL¨WAFHM&L%�N_ #ØL��c[�D(R
FIE!#.FIE?WAS6#ØFIRAD(R�_�&
:�S>M?_�[ALKFIRH) �AG�DZRAL¨GIF ,([¦_ �QS>GID(M&F���DZ_&FIS>R��NS>R�_�M&FHO��
_&FIS>RAE�W��AL#_�[AL#_�M&D(RAE&F¿_�FHS>RAE<O�Ln_g^�LNLPRÌE�L%8>LNM�D(G ��D(FHM&E�S��
E�_�DZ_�LNEÏFHRr_&[AL\?�M&E�_ÏE�_�L%�;D(M&L\�NS6#��AD(M�D(O
GILåD(RAW S>RAG@1N#ØS*WALNM�DZ_&LåM&LPE�S>R�D(R5�PL�' FHR¦_&LPRAE�FH_+1(8ZD(M�F�DZ_&FIS>R
^¨FH_&[ÞG�DZE&LPM��ÒM&L%-4�
LPR��;1ÚFIE��ÒS6�ARAWK&S<gRÞ_�[ALeFHRAWAFHM&L��n_S#ØL��c[AD(RAFIE�# DZGIG3_�[ALÎFIR�_�LNM!#ØLPWAFIDZ_�L�E�_�DZ_�LNE�O�LNGIS�^
_�[
L�G�D(E�LPM �ÒM&L%-4�
LPR��;1VD(M&LKE!���5��S>E�LPWÌ_�SÎO�LKL�-.��D(GHG�1ØSH�%�����
FILPW &g�`[AL�M&LNE!�AG¿_�S��0�PD(G �%�AG�D�_�FIS(RAE<E!��,6,(LPE�_&E

÷ �



#ØS*WALNM�DZ_&LC8ZD(M&FIDZ_�FHS>R@S��#_�[ALVM�LPE&S(R�D(R��NL3' FHR¦_&LPRAE�FH_+1@^¨F¿_�[ÝDÚRAL�DZM&G�1 �PS>RAE�_cD(R�_ØM�D�_�FISÚS��K_&[ALVS6�
_�)
S�� ) �AG�D(R
Læ_�S�FIRH) �AG�D(R
LæE�F ,>R�DZGIEeDZM&S6�AR
W@_�[ALÐL*JH��LNM&F #ØLPR�_�D(Ge8ZD(G��AL�q�&(�`[
FIED#æD�2(LNE��AEÎ_&S(�PS>R��NG �AW
L
_�[ADZ_�_�[
L�FIRAWAFHM&L%�N_�#ØL��c[�DZRAFIE�#t�PS(R¦_&M&FHO��
_�LNE�_�[AL�#ØS>E�_�FIR�_�LNRAE&F¿_+1ÞFHRÞ_�SÌ_�[AL>_ZJ�J ju��LPD�2�FHR¦_&LPRAE�FH_+1
S��$M&LNE&S>R�DZR��PL '�S>OAE&LNM�8(LPW�FHRyk ÷�m &

�`[ALa��DZG ���
G�DZ_&FIS>RAEæS��Æ_�[ALÚ^�S>M!2 �p�AR��N_&FIS>R W5�ALÚ_�S;_�[ALdx4'�X �PSE8>LNM�D�,>L S��DMO�0P ÷>÷>÷WR �AM�LPWAF��N_&E
�ARAW
LPM&LNE�_&F #æDZ_�LNWi8(DZG �AL�S��
_H& vrLNC �PS�#���DZM&LPW _�S@_�[
LÞL;JH�QLPM&F�#æLNR�_cD(G�8(DZG �AL�S��/f5& vrLNCD&eG�L ?ARAW
LPGHL��n_�M&S(E�_cD�_�F ���NS>R�_�M&FHO��
_&FIS>R�_�SÆ_�[
L#^�S>M!2��p�AR5�N_�FHS>R>�c[�D(R�,>L ÷ & � LnC DZRAW7F¿_<FIE<RAL�DZM&G�1åL;F�L%�N_&LPWÐOB1�_�[
L
�c[�D(M�,>L¨_�M�DZRAE��ÒLNM�OQLN_g^�LPLNRÐ_�[AL�#æS(GIL��%�AGILNE�D(RAWå_�[ALKE!�AOAE�_�M&DZ_�L�A�^¨[AF��c[7FHEL8(LPM�1ØE�#7D(GHG�D(RAWæFIR�_�M�S*W5���PLNE
S>RAG@1�D ÷ 	 � �PS(M&M&L%�N_&FIS>R�_&S7_�[
LeLPGHL��N_&M&S>E�_cDZ_&F �/�PS>R�_�M�FIO��*_�FIS(RK& � RÞ_&[ALeS(_&[ALPMK[�D(RAWÞ^�L
?�RAW DZG #ØS>E�_
f _&F #ØLPEØG�D(M�,>LPMØWAF �QS>GHL3#ØS6#ØLPR�_7S���_�[AL �ÒM�LPL�E�_cDZRAWAFIR5, #æS(GIL��%�AGILl�PS�#���DZM&LPW _�S�_&[ALÞWAF���S>GHLX��LNM
#ØS>GIL%���AGHL�FIRÌ_�[
LÏDZM&M�D�1=�
FIRARALNWÌ_�Så_�[AL/MO�|G�DZ_�_�F �NL��PS(RAE�_�D(R�_�&

� �AM7M�LPE��AGH_&EÐE!��,�,>LPE�_Ð_�[AL �c[�D(M!,(LÞFIRZY�L%�N_&FIS>R4LNRALPM�,�1 FIE7GID(M!,(LPG�1c#ØS�WAF�?�LNW~W��
L�_�S@_&[AL�GIDZ_�LNM�D(G
WAFHE!�QLPM&E�FIS>RrS���_�[AL>�PS>M�M&LNE!�QS>RAWAFHR�, #ØS>GIL%���AGID(M�O�DZRAWK&C�`[AL��PS>R
W����N_�D(R��NL��AM�S6��LNM�_&FILPE�WAL%��LNRAWAEÎL*J.)
�QS>RALPR�_&F�D(GHG�1æS>R�_&[AL��c[�D(M!,(LÏFHRZY�L��n_�FIS(R|LNRALPM�,�1|D(RAW|_�[ALNM&L;�ÒS>M&L��PS(RAW����n_cD(R��NLÎS��$_�[AL #ØS>RAS>GIDE1(LPM9�PD(R
RAS(_ÏOQLæWALn_�LNM!#ØFIRALNWd�ÒM�S6# _�[ALØE&FHR�,>GHL>#ØS>GHL����
GIL��PS(RAW����n_cD(R��NL�&X<gR@DZWAWAFH_&FIS>R ^�LæFHWALPR�_�F@� 1Ú_�[ALå_�[
L
M&LNG�DZ_&F�8(L^�PS>R�_&M&FIO5�
_�FHS>R�S��Q_�[AL`_g^�S #ØL��c[AD(RAFIE�#æE:^¨[
F �c[ØGIL�DZWå_&S�_�[AL¨GIDZ_�LNM�D(G*WAFIE���LNM&E&FHS>RåS���_�[AL¨E��AG��p�AM
��� X � & �`[AFIE�#æD�1|O�LD�
E&LPWÚ_&SC?[�N_&FIS>R�DZGIF �NL�_&[ALD�NS>RAW����n_cD(R5�PL��AM�S6��LNM�_&FILPE]S��?_�[AL
#æS>R
S>G�D�1>LNM&EKO.1
�c[�D(R5,>FIR�,�_&[AL��ARAWALNM&G�1�FHR�,åE!�AOAE�_�M&DZ_�LNEKS>M`_&[AL��PSE8>LNM�D�,>L�S��,_�[AL/xH'�Xy&

� ���������
	���������������

�`[ALD�NS6#>���
_cD�_�FIS(RAE#^�LPM�L���LNM��ÒS>M�#æLNWÞS>R�_&[AL ��\��h,�D(G�DWJH1l�NG �AE�_�LPM%&SG L�D(M&L
,>M�DZ_&L%�p�AG�_�SÌX�F 2ZL
G LPFIR
LPM�_S�ÒS>M][ALNG �5�p�
G WAFHE!���
E&E&FHS>RAE%&/�`[AFHE]^�S>M!2|^�D(E�E������QS>M�_&LPW FIR ��D(M�_�O.1N� � j 8�M�DZR¦_�\KS�& ��j�)
'�ML) 	6_W)�r � M � ÷ 	 ��� z5&

�ãÛ�� �`È �3Âv¥¦¡�»�� �
ªZÕKÈvËV��¥�Ä�ª�è�ÈvË@¾À¥�Ä� c�cª>Ó�ÈZ£�È(Ó:»���Å� c»Uª���¥�¡��]È Ê��]È! AºZ¤�ªZ£�Èv×�Å�È(Ó:º¦ UÅ�È(Ñ(Â>¶�È#" � � ª 	 	P«�«
�ç§�«�«�«��È

� §��Ï�]È�£�È�Ñ>¾¿¥�Ävº�ª%$'&)(+*�,.-/(+0+,21435$'1.,2687:9�;�9=<>,2*�<@?@(+&A1B(=*�7C<�D�,'EGFH$JILK�,.<�D�9�7¨�@M¨·À¤Zá$ c»3×�¶c��¡� UÅÆ¾À¶�ª �$Âv¼��gÂv¥�ª
Û��� 	Z�È

� ¬��Ï�]È*£¦È
Ñ>¾À¥�Ävº�ª(è$º�¸>¼cÈ¦»� cÇ
È �ON�P�ª ��¬ � �Ø�ÜÛ���>Ûn�È

÷ z



� 	+�Ïè�È �:·À��º¦�>ª M�È$Ñ�¶�ºZá ��» ��ª?��¥¦¡ £�È ��¤¦¾¹� ��ª:¾À¥ $ � 9�� , , 7+?�*��=1 9�� I	��
�����7� �Q U¶�º¦¥�È ��¥¦¾¹Ç� c»�¼�¾¹������ÆË@¾¹ U¥�ª
×�¤¦¼g�g»�¾¿�>ª�Û����v�È

� ©��Î£¦È�è�È¦è� c»�¡� cá ��¥¦¡ ��È¦ËV��¥�Ä�ª
è,ºZ¸(¼UÈ µ  cÇ
È �ON���ªQÛU¬�§ 		7�ÜÛ����§v�È
��������, , � ,.0�? ,2-���� � È
Ñ>¶�º�»� U¾¹½A c»Uª�è�»�Â�Ä�È�¾À¥ØÑ>¤�»�ÃlÈ�Ñ>¶c¾çÈ����AªQÛU©>ÛÎ�ç§�«�«�«��È
� 	�� �`È���È ��È �Q U¤¦¥�Ä�ª�è�È �KÈ*Ñ>¶�º�á:��»�� ��ª � È*Ñ�¶�Âv·¹ U¼cª � È¦Ñ�¶�º�»� U¾À½
 c»nª(×KÈ ��·ÀÅ���¥�ª�Ñ>¤�»�ÃyÈ>Ñ>¶c¾ÒÈ�N�����ª�¬ 	Ø�ç§�«�«�«��È
� ���ÎÙ|È
Ó�È ����»�Äv��¼Uª*è�È � ¾À��¥�¥�Â � �U¾çª¦×KÈ
Ñ( U·À·¹Âv¥�¾çª(��¥�¡ � È
Ñ>¶�Âv·À U¼cª�£�È�è$º�¸>¼cÈ*Ó:º¦ UÅ�È � "� !��ª ��©�«��æ�ç§�«�«�Ûn�È
�����Ï×KÈ�é,¤�¶� U¡¦�>ª��]È*Ù|È � ¸(·À��¥�¡� c»Uª���¥¦¡ �,È8M¨·¹ U¾À¥¦Å���¥�ª�è,ºZ¸(¼cÈ µ  cÇ*È�� � ��ª
©�§ �å�ÜÛ�� ��¬v
�ãÛc« � �]È �]È5 AºZ¤�ª¦×�¥¦¥(¤�È µ  cÇ*È�è$º�¸>¼cÈ*Ó:º¦ UÅ�È!�8P�ª*§�§>Û��ç§�«�«v§v�È
�ãÛ�Û��eÉ]È,Ùæ��¡� U·À¤�¥�Ä�ª$¾À¥"� *�< � 9 7=6���<@?@9=* < 9#��9=&A?�7%$&�#< (=<>,('GD�,49 � ��ª: U¡¦¾¹�g U¡ ½Z¸ÚÙVÈ$Ó?��»�¡�Âv¥¦�>ª è�È � ¤¦·À¡� �ª ��¥¦¡

ÕKÈ Êl£�È
É`¤� U¾À¼�¼g c»#�ÒÑ>Á¦»�¾À¥�Ä� c»�Ñ> c»�¾¹ U¼?¾À¥ØÑ(Âv·¿¾À¡>ÊyÑ(�����g KÑ>¶c¾À U¥¦¶� U¼ � ªAÑ(Á¦»�¾À¥¦Ä� c»Uª �  c»�·¿¾À¥ÌÛ�� �>Ûn:Á�È�§ 	 �(È
�ãÛU§��ÎÙ|È¦ËÌÂv·¹Ãyª�×KÈ�Õ�Â�� �c U·Òª�é<È#M#¥�ÂZ U¼� U·çª���¥¦¡å�]È �3 U·À¾À¶�ª*è,ºZ¸(¼cÈ µ  cÇ*È��)�+*�ªA©��§�Ø�ÜÛ����v�È
�ãÛU¬�� �]È
Ó:¤¦¾Òª�Ù|È � »� U¾¹����Ä�ª µ È�ÙØ��»��g U·Òª ��È � »�¤¦¼Uª¦��¥¦¡åè�È�×�Ç�Âv¤�»�¾À¼
�ãÛ�	+�	,KÈQ�]È��Q��¥¦Ä�ªQ¾À¥-��9+& ?�7���< (=<>,J$ D.� 1�?/�.1�ªQ U¡�¾¹�g U¡Ð½Z¸VÑ( U¾¹� ��ª���¤¦»�¥�½*¤¦·À·çªA��¥¦¡Vé$º�»� U¥�»� U¾¿¶�º � ��×�¶c��¡¦ UÅÆ¾À¶

è,»� U¼�¼cª�,� cá ��Â�»��ÌÛ�� 	�¬ÆÁ�È�§�§�©(È
�ãÛU©��ÎÙ|È µ È�è� U¡� c»�¼�Âv¥|��¥¦¡ M�ÈQ×KÈ�£���¶��>¼gÂv¥�ª3è,ºZ¸>¼cÈ µ  cÇ*È ��È�NG"�ª 	 	�©�¬��ÜÛ����«�10'M�È�×KÈ�£���¶��>¼gÂv¥Þ��¥¦¡�Ù|È

µ È*è� U¡� c»�¼gÂv¥�ª
è$º�¸>¼cÈ µ  cÇ*È ��È�N � ªA¬�§ 	 �Ð�ÜÛ����«�10QÙ|È µ È*è� U¡� c»�¼�Âv¥æ��¥¦¡ M�È*×KÈ
£���¶��>¼gÂv¥�ªAè,ºZ¸(¼UÈ µ  cÇ
È
��ÈGN�P�ª+	�¬>ÛU§|�ÜÛ���>Ûn10,�]È)�]ÈQè�Â�»�  �U��ÄÐ��¥¦¡|Ù|È µ ÈQè� U¡� c»�¼gÂv¥�ª�è$º�¸>¼cÈ µ  cÇ*È���È2�8N�ª+	 ��¬�«��ÜÛ����v10,×KÈ
� »�¾À·À c¸�ªAÙ|È µ È
è� U¡� c»�¼gÂv¥�ª5M�È
×KÈ�£v��¶��>¼gÂv¥�ª��]È�Ó�È*è����g�gÂv¥�ª���¥¦¡7�]È��]ÈAè�Â�»�  �U��Ä�ªQè,ºZ¸(¼UÈ µ  cÇ
È ��È3�+��ª
Û 	 ��æ�ÜÛ��� �v�È

÷ v


